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PREFACE 


In science nnd technology, nomograms arc recognized for ease of 
operation and for the time saved in the repeated solution of mathe- 
matical 'formulas. The type of nomogram known as the alignment 
chart has won much favor during the past two decades. Engineers and 
scientists should be trained sufficiently to understand the mathematical 
theory and design of nomograms. The material presented in this book 
is intended to provide a good working knowledge of the fundamental 
principles. 

Emphasis is placed upon the “geometric method” employed in the 
development of the theory for the design of alignment charts involving 
equations of three or more variables. Simple equations ore solved by 
alignment charts consisting of straight-line scales, whereas more involved 
equations may necessitate the use of "grids,” curved scales, and combi- 
nations of Cartesian co-ordinate charts with alignment charts. 

Once the theory is well understood, practical short-cuts are pre- 
sented to reduce the time required to design a chart. Examples are 
given in the chapter “Practical Short-Cuts.” 

Tire chapter on the use of determinants serves as an introduction to 
the “method of determinants” which has been well developed by such 
writers as d'Ocagnc, Sercau, Hcwcs nnd Seward, and Allcock and Jones. 

The appendix contains practical examples of alignment charts used 
in the fields of engineering, production, nnd statistics. 

This book is an outgrowth of nomography courses offered for many 
years at both the University of Minnesota and the University of Cali- 
fornia. At present, one-semester, two-unit, elective courses are open 
for seniors in engineering, physics, chemistry, business administration, 
and education. Scientists and practicing engineers will find no difficulty 
in handling the material in this book, if they have not forgotten the 
elements of algebra and plane geometry and the use of logarithms. 

For (hose who may develop a keen desire to pursue further study in 
the fascinating field of Nomography the selected bibliography will pro- 
vide adequate refereuco material. 
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Chapter One 
INTRODUCTION 


Pictorial representation has proved to he an effective method in con- 
veying technical and semi-technical information to business and pro- 
fessional persons, to production personnel, to 
engineers, and to scientists. 

Our daily newspapers, business magazines, 
company publications, technical papers, etc., 
invariably present graphs and charts which 
quickly and painlessly disclose information 
that would otherwise require lengthy descrip- 
tions if presented by the printed word. Fig- 
ures 1, 2, and S are typical of such charts. 

Fra. I. Pic Chart. 
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Flo, 3. Pro6I« Cliart. 

Hose engaged Id technical work frequently employ the Carte- 
sian co-ordinate system for the representation of the relationship be- 
tween two or more variables. For example, the straight lino y = 
—2x + 7 ia represented graphically by Figure 4 If x ■= 2, the value 
of y may be determined by following the arrows shown in the figure, 
which yields y «= 3 



Fro. 4. Cartealan Co-ordrastc Representation of the Equation, y « 2x -f- 7. Er~ 

amjAe-. When * - 2, 0 — 3. 

Several equations of the form y =* mr + 6 can, of course, be shown 
on one set of axes. For example, the equations 
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y=~2x+l (1) 

y = -2x + 2 (2) 

V = -2® + 3 (3) 

t, = -2z + 5 (4) 

V - -2* - 4 ■ (5) 



.5 1 3 

Fig. B. Family of Parallel Lines. (1) y — — 2x + 1. (2) y — — 2i + 2. (3) y — 
-2i + 8. (4) y - -2* + 5. (5) y = -2r - 4. 


An equation of the forra/ 1 (n). + /2(») + / 3 (w) = j t {q) may be repre- 
resented by a combination of Cartesian co-ordinate charts. For ex- 
ample, consider the relation n + u + w = q. Let 

» + v=T (1) 

and T + to = q (2) 

Each of these equations is of the form/i(«) + f 2 (v) =/ 3 (u>) and can 
be represented by a family of parallel lines. The first equation, u + v 
= T, is shown in Figure 6, and the second equation, T + w = q is of 
similar form and is represented by Figure 7. 

Obviously, not much is gained by solving the given equation, u + v 
+ w = q, by parts as shown in Figures 6 and 7. A more effective 
arrangement would make it possible to use values of u, o, and te directly 
without first determining the value of T. This is quite possible. First, 
let us analyze what happened in Figures 6 and 7. The equation 
ti.+ v = T, written in the slope intercept form, would be v = —u +- T 





Fra. C. Ctrlolts Gxu-JinuCc Jlcpro- Fra 7. Cartesian Co-ordinate Ripro- 
KnUtlon of the Equation, u + r - 7*. scutalioc of Lho Equation, T + id " j. 



I la 8. Cartesian Co-ordinate lieprc- FiO. 0 Cartesian Co-ordinate Ilcpro- 
aentalion outlie Equation, T — u + r. sen tali on tor the Equation, — j — «•. 
Eramp!f. When u — 2 and t — 2; T ** 4. 

Non-, suppose we consider equation T -» u + r, with 7* replacing y 
and u replacing r in tltc usual equation, p «= mi -f- 6. This will result 
in the pro pi tic representation shown in Figure 8 Similarly, the equa- 
tion T + to — g may be rewritten m T *» q — to. The latter expression 
is shown graphically in Figure 3. 
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Chapter II 

By combining the two charts as shown in Figure 10 it. is now possible 
to eliminate the graduations of the T scale, and, in fact, the entire T 
scale, since it is common to both charts, and read u, v, v>, and g directly. 
This method may be extended further for the solution of equations in- 
volving more than four variables. 



Pro. 10. Combination of Figures 8 and 9 for the liquation, u + v + w ■= j. Ex- 
ample'. When u ** 3, i> — 1, and to — —2; g — 2. Follow tiro arrows shown iu chart. 

If the given equation is of the form uv — ui, logarithmic scales may 
be employed, thus reducing the equation to log w -f- log v ■=■ log w. 
Figure 11 shows the graphic representation of this equation. 



1 2 4 8 10 


Pxq. II. Cartesian Co-ordinate Representation of the Equation, wi = w. 

When a = 2 and v - 4; v> •= g. 
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If the equation 13 cf the form u«c = $, a nomogram can be designed 
aa foil owe: 

Let vx> - T (1) 

and Tip “ q (2) 

Eauations 1 nnd 2 may be combined, graphically, as shown in Figure 12. 



10B 4 2 l 2 4 a 10 

q u 

FiO. 12. Cartesian Co-ordinate tteprcMntatioa of the Equation, t mu — q Ez- 
amflf. When u — 2, * — 4, and w — 0.5; j — 4. 


Logarithmic scales may be eliminated by treating the equation uv 
— ip in the following manner. Let y = w and r — it, from which 
1/ — vx. This equation represents a pencil of lines passing through the 
origin with slopes equal to values of v (Figure 13). 
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Thus an equation of the form urn = g may be solved graphically 
by employing the methods set forth in previous examples. 



Fia. 14. Cartesian Co-ordinate Representation of the Equation, uoio •• q. Ex- 
ample: When v - 3, v - 0.5, and to « 2; q = 3. 

An example of the use of a combination of rectangular Cartesian co- 
ordinate charts is shown in Figure 15 — “Graph to Determine Engine 
Rpm,” 

Another example is presented in Figure 16 — "Graphical Evaluation 
of Heat Storage and Transfer Characteristics, Q' and s'.” 





(S 77 «vv,{ 
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The simplest type of alignment chart consists of three parallel scales, 
bo graduated tint a straight line joining points on two of the scales will 
cut the third scale at a point that satisfies the relation between the 
variables. For example, the expression x + y *» w can he represented 



by the alignment chart shown in Figure 17. Thn line joining x »■ 3 
with y = 1 cuts the v> scale at point 4, which satisfies the equation 
* + y = w. Similarly, the line joining x — 2 with y “ 4 yields the 
value w = 0. 

The simplicity in using alignment charts has won much favor in 
technology. They, also, are especially advantageous to nontechnical 
personnel, who can employ them with confidence. Aligument charts 
are used to show the relationship between three, four, five, or more 
variables, Rome of the charts contain diagonal and curved scales in 
addition to horizontal and vertical scales. In some cases, it has been 
found desirable to use a combination of the Cartesian co-ordinate chart 
und t,hn alignment chart. An example of such a combination is shown 
in Figure J 8— "Nomogram for Determining the Number of Seconds of 
Green Light for Traffic Signals.” Various combinations of alignment 
charts can be developed. The only limitation is the ingenuity of the 

The introductory material that has been presented discloses the fact 
that nomograms may be of the concurrency (Cartesian co-ordinate) 
type, or of the alignment form, or of a combination of both. The major 
portion of the material covered in this book denis with the theory and 
construction of alignment charts involving straight line scales, curved 
scales, and combinations of straight line and curved scales. The use 
of determinants will be demonstrated. However, thorough treatment 
of the determinant method is not intended since other works which are 
confined to the “determinants’* method only, are available. 

Examples of alignment charts which may prove useful in the fields 
of engineering, production, business, aud statistics are included in tho 
Appendix. 





Chapter Two 

FUNCTIONAL SCALES 

The first step necessary in the design of alignment charts is a thorough 
understanding of the use of functional scales. 

A gmpfucaf scale fa a curved or straight line carrying graduations 
which correspond to a ret of numbers arranged in order oE magnitude. 
If the distances between successive points on the scale arc equal for 
equal increments of the variable, the scale is said to be uniform; if not, 
tho scale is non-uniform 

A functional scale is one on which the graduations are marked with 
the “values of the variable” and on which the distances to the gradua- 
tions are laid off in proportion to the corresponding values of the "func- 
tion of the variable ” The distances arc laid off from an initial point 
of the scale, no k necessarily the zero point. 

EXAMPLE 

Suppose the function of u,/(u), fa u* {Figure 19). Let u vary from 
0 to 5 Form the following table: 



Fig. 19. 


We can readily understand that the above scale would be 125 in 
long if the inch is used as the unit of measure. Obviously this fa not a 
12 
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convenient length. In order to have a scale of a more practical length, 
a scale modulus or scale multiplier is introduced, that is, x — mu? or 
m ~ x/u?, where m is the scale modulus. The expression x — mf(u ) 
is called the scale equation. 

Now suppose that the scale is to be approximately 6 in. long (Figure 
20). Then m = x/x? = 6/125 = 0.048. To simplify the computa- 
tional work, m «= 0.05 will be used. This means that the scale length 
will be 6.25 in. instead of 6 in. The new table then is: 


« 

0 

I 

2 

3 

4 

5 

m = u 3 

0 

. 

8 

27 

64 

125 

* - O.OBu 3 

0 

0.05 

0.40 

1.35 

3.20 

6.25 


Fiq. 20. Functional Sonic for /(u) - u 3 . 


01 2 3 4 

U [ i ' 


In the practical use of functional scales further subdivision of the 
scale into fifths or tenths may be advisable. Suppose that the range of 
the variable is from 2 to 4 and that the scale length is approximately 
6 in. (Figure 21). In this case x => m|/(tt2) — f(u{)) - m(4* - 2 Z ) = 
50m or m m 6/56 =» 0.107. For convenience we shall use 0.1. Then 
we have the tabic: 


2 i * 

Fiq. 2L Functional Scale for/(n) = u 3 . 

It should be noted that in this ease the initial point of the scale is 2 
not 0. 
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The distance between any two graduations, ui and «*, is equal to 
*- m[K«a) -/(«i)l 

Any unit of length other than inches could he adopted as the unit 
of measure It is most important to observe (1) that the distance be- 
tween any two points on the scale is equal to the product oi the modu- 
lus and the difference in the values of the function for the two points, 
not the values of the variables; and (2) that the points are marked with 
the value of the variable. 

Suppose that the /(u) Is 2U 3 . The scale equation is x — tn(2a*). If 
« varies from 0 to 1, and the scale length is to be approximately 0 in., 
then 


2(4*) 128 


0.047 


For convenience, m — 005 will be used. This lengthens the scale to 


Hcnoc, x — 0 05(2u*) or* « O.lu 3 . It is Important to note that 0 1 
is the effective modulus, whereas 0.05 is the actual modulus of the 
scale. The effective modulus is used in graduating the scale. The "ac- 
tual modulus” is necessary in the location of scales that occur in align- 
ment chart design This distinction will be evident later when the de- 
sign anil construction of alignment charts are considered. 

If the function of u is (u + 2) (Figure 22), then the scale equation is 
x «=» m(u + 2). If u varies from 0 to 12, and the scale is C in. long, then 

Cin. = 

” ” [< 12 + 2 ) - (0 + 2)1 " 12 “ 2 “■ 

or * = J(« + 2) 



0123456789 10 11 12 



Fra 22. Scale for the Function, (u + 2). 




Chapter 2] 


FUNCTION AX SCALES 


15 


In this case, the constant 2 merely shifts the zero point of the scale 
a distance from the reference point of the scale equal to -|(0 + 2) = 
I in. Except for the shift of the zero point, the scale is the same as 
though the f(u) were u, because the total length of the scale is x = 
\ X 12 >= 6 in., which is the same as x = ^[(12 + 2) — (0 + 2)] — 
6 in. 

EXAMPLE 1 

/(«) - vi 

where u varies from. 0 to 100, scale length approximately 6 in. (Figure 
23). 


vToq - Vo 10 
x u = 0.0 Vu 

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

1 I I 1 I I 1 I I I I I l_! L _J 

Fro. 28. Functional Scale for/(u) ** s/u. 

EXAMPLE 2 

where u varies from 1 to 3, scale length 6 in. (Figure 24). 



« 

i 

2 

3 

m =~- 2 

i 

i 

i 


0 


-6 
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Note that the negative distances, jp„, are laid off to the left of point I, 
since distances laid off to the right liave been regarded as positive. 



Flo 24 Functional Scale for /( u) — 1/a 2 . 


where n 


EXAMPLE 3 
/(li) = log H 

:s from 2 to 10, scale length, 7 in. (F ignre 25). 


log 10 — log 2 log 5 
t u = 10(1 og it — log 2) 

A few points are tabulated below: 


= 10 


“10(los«-!og2) 


/(«) = k>g» 

2 3 4 56789 10 

I ! 1 1 1 I I i I 

Fio. 2.1 Functional Scale for/(u) >= log u 

Suggestions for Draictng Scales: 

(1) Make the shortest strokes in 

(2) Make the intermediate strokes in. 

(3) Make the longest strokes in 

(4) Adjacent strokes should be not less than in. apart, or more 
than ^ in. 
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(6) The distance between labeled strokes should be not less than -J 

(6) The interval between units should be divided into fifths or tenths, 
if necessary. 

Suggestions for Graphic Precision : 

(1) Layout lines should be sharp and light. 

(2) Finish lines should be sharp and dark. 

(3) Use as large a scale as possible. 

(4) If the chart is to be reduced, use a reducing glass to determine 
the relative weights of lines required in the original drawing. 

EXERCISES 


Functional Scales 

1. Construct a scale for the funotion /(«) = > Yu. u varies from 0 to 8. 
Scale length about 6 in. 

2. Construct a scale for the function /(u) - 2 log u. u varies from 10 to 
300. Scale length about 0 in. 

3. Construct a scalo for the function /(w) — cos it. u varies from 0° to 90°. 
Scale length 6 in. 

4. Change the range of the variable of problem 3 to 0° to 180° and construct 
a scalo of the same modulus. 

6. Construct scales for the functions /( u) ** log 1/u, log u, log u 2 , log « s . 
u varies from 1 to 10. Scale length about 6 in. Write the scale equations for 
each case. 

6. Construct a scale for the function /(n) = 1/u. u varies from to w. 
Scale length about 7 in. Where would be the point, u = 07 

7. Construct a scale for the function /(«) - u 55 . Range of the variable 0 to 
10. Scale length about G in. 

8. On one side of a line construct a scale for u 2 , on the other side v? + 3. 
Use the same reference point nnd same modulus. Range 1 to 5. Do the same 
for log u ami log (u + 2). Scalo lengths about 6 in. 

9. Explain the effect of the constant K on the scales in the following scale 
equations: 

x u = mKu (1) 

Sr* = m(u + IQ (2) 

= m log u K (3) 


ilog(u-bX) 


(4) 
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15. Construct a sj; 

ale for the function /(f) given by the following table, where 

/({) 5s the vapor pressure In air corresponding to t, the air 

temperature, in degrees 

Fahrenheit: 

t 

m 

t 

m 

0 

0 0383 

55 

0.432 

5 

0.0491 

60 

0.517 

ID 

0.0631 

65 

0 616 

15 

0.0310 

70 

0.732 

20 

0.1026 

75 

0 666 

2S 

0.130 

80 

1.022 

30 

0.164 

85 

1.201 

35 

0.203 

90 

1 403 

40 

0.217 

95 

1.645 

45 

0 208 

100 

1.916 

50 

0.300 



11. Given the following experimental data: 


* 

/(“) 


m 

0 

0 05 

26 

0 32 

11 

0.065 

32 

0.17 

18 

0.035 

40 

0 33 

Draw a smooth carve through the points and construct a functional scale for 

/(u) from the curve. 




12. Construct n scale for the n 

rave length of the various colore of bght: 


Color 

Trace Length 



Violet 

4000 Angstrom units 

* 


Blue 

4500 " « 



Green 

5200 



Yellmy 

5700 



Red 

6300 “ 


* The Angstrom unit =- one ten-millionth of a millimeter, Le., 0.0000001 mm. 
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ADJACENT SCALES FOR THE SOLUTION OF EQUATIONS 
OF THE FORM 
A(«) = hi v) 

Equations of the above form may be solved by graduating both sides 
of one line in such a manner that a point on the scale will give values 
which satisfy the given equation. The scale equations are: 

X u " «Wi(m) and X v = m v f 3 (v) 

Sinoo /i(m) = /a(f) and X u = X,, i.e., for any point on the scale; then, 
vt u “ m». 


EXAMPLE 1 

Consider the relation, 2.54 1 = C (Figure 25), where I represents 
inches and C represents centimeters. Let I vary from 0 to 10; scale 
length, 6 in. If we rewrite the given equation so tliat 

i-S. 

2.54 

Then, Xi = vijl, or 6 e* wi/10 

from which mi = 0.6 

Thus, the scale equation is Xi = 0.6/. The scale equation 'for C is 
X c = 0.6(C/2.54) = 0.236C. 

/- Inches 

0123456789 10 

I 1 ! H '—t *— r 1 1 — d 

0 5 10 15 20 26 

C - Centimeters 

Fia. 26. Adjacent Beales for the Equation, 2.54/ = C. 

Note: Having computed the scale modulus for I, the same modulus 
must be used for C. It the scale modulus for C had been computed 
first, then "this modulus would apply to I. 
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EXAMPT.E 2 

C = ttD (Figure 27). C = circumference of a circle, with diameter 
D. 7<eb D vary from 2 to 10 in. Scale length, 6 in. 

The scale equations are: 



and Xd = «aD; or G = tnzrflQ — 2]; run = j 

henoe X D = J[D - 2J 

3 C 3 C 

and X c ------ - 0.239 C 

4 ir 4«r 

To locate a poiut on the scale C. For example, <7 — 10. 

Point 10 on the C scale is 2 39 in. from the zero point of that scale 
(X t — (J.239[10]). Since point 2 of the D scale is 1 ^ in , (A r — $ X 2) 
from the zero point of the D scale, point 10 is (2 39 — 1.50) — 0.S9 in. 
D - Diameter In inches 

23456789 10 


10 15 20 25 30 

C- Circumference in inches 

PlO. 27. Adjacent Scales for tlie Equation, C — *D. 

to right of point 2. (It should be observed that C — 0 when D — 0.) 
Point 20 of the C scale is 2.39 in. to the right of point 10 (X c = 0.239 
X 120 — 10]) = 2.39 in.). Points between 10 and 20 can easily be 
located by subdivision Points beyond 20 can be located in a similar 
manner. Of course, a point of the C scale could be located by solving 
C from a specific value of D. The scale could then be graduated from 
the scale equation, 


X, = 0.239[C 2 - CJ 
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EXAMPLE 3 

V = sin V (Figure 28). Let V vary from 0° to 90° ; scale length, 
6 in. 

The scale equations are: 

X u = mJJ (1) 

and X„ = m, sin V (2) 

From equation (2) 6 = w„(sin 90° — sin0°); m v = 6. Hence the scale 
equations are: 

Xu - 6U 

and X v *« 0 sin V 


U 

0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 1.0 



0 15 30 4 5 60 75 90 

V- Degrees 

Fra. 28. Adjacent Soules for the Equation, V - sin V. 


EXAMPLE 4 

V - ^ir r 3 (Figure 29). V = tho volume of a sphere of radiuB r- 
Let r vary from 0 to 5 in.; length of scale to be approximately 6 in. 
Then 

X r = mrt 3 ; and X v - nt„ — 

4rr 


m r = T2T = 0.048. 

For convenience, use m, = 0.05. Then 

37 

X T = 0.05r 3 and X v = 0.05 X — = 0.0119F 



0 100 200 300 400 500 

V-Vohime 

Fin. 29. Adjacent Scales for the Equation, V = Jxr 3 . 
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NON-ADJACENT SCALES FOR THE SOLUTION OF 
EQUATIONS OF THE FORM 
««) =■ hiv) 

In the foregoing material it ■was pointed out that the same modulus 
as used in each scale equation. It may be desirable to use two dif- 


B 




Fio.sa 


ferent moduli, 
jng manner. 

This can be done hy separating the scales in the follow- 
(See Figure 30.) 

Let 

X u = Mu/i(li) 

(1) 

and 

X„ = tn»/i(p) 

(2) 

no and «a are 

zero values of the functions of it and 0; and K i 

s a point 


located on lmc AB so that any line passing through K and a selected 
point on the it or v scale will cut the other scale in a value which satisfies 
the equation. 

From the similar triangles AuiK and BviK, 

X u _AK _o 
X„~ KB ~Z 

Therefore ^ = 7 (from equations 1 and 2 above) 

m •fiW o 


Since A(u) = /*(»), 
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a _ m» 

Hence point K can be located on the diagonal AB by dividing it into 
the ratio 

AK a ro„ 

EXAMPLE 

Again consider tlie equation, 2.547 = C (Figure 31). 

, /2.54N [Cl C 

“ z -(— Hid-i 

mi_ = _J_ _ _1_ 

m c ~ 2.54 “ 1.27 


EXERCISES 

Adjacent Scales or Non-Adjaccnt Scales 

13. Construct (a) adjacent and (f>) non-adjacent scales for converting Fahren- 
heit readings to centigrade. 

C = |(F - 32) C(— 40° to 100°) 

14. Construct adjacent scales for tlic equation urea of circle, A = mP/4. 
d(0 to 20 in,), (Do not use log scales.) 

15. Use logarithmic scales in problem .14. What are the advantages of each 
method? Disadvantages? 

16. Construct adjacent scales for the equation 1 = 2rr'\/ L/g, the period of a 
simple pendulum of length, L, and with g - 32.2. L (1 to 5 ft). 

17. Construct adjacent scales for the equation, X' = log e ?/• 3/(1 to 10). 

18. On a log scale using the base 10, the distance between 1 and 2, 2 and 4, 
4 and 8 are equal. Is this true when “e” is used as the base? 

19. Construct ndjacent scales for the vapor pressure in air as a function of 
temperature as given in problem 10. 

20. Construct non-adjacent scales for the compound interest law, P = 
Aft + R) ", where P is the principal, R the rate of interest, A the amount, 
and n the number of times compounded. Let A = $1.00, R - 5%. Then 
P - (1.05)". n varies from (0 to 20). How can this chart he used if n = 30? 




Chapter Three 
ALIGNMENT CHARTS 


An alignment chart in its simplest form consists of three parallel 
scales so graduated that a straight line cutting the scales will determine 
three points whose values satisfy the given equation. 

In general, alignment charts may consist of three or more straight- 
line scales, of curved scales, or of combinations of both. 


ALIGNMENT CHARTS FOR EQUATIONS OF TIIE FORM 

h(«) + h(v) = la (w) 

Suppose we have three parallel scales (Figure 32), A, B, and C, so 
graduated that lines (isoplcths) 1 and 2 cut the scales in values which 
satisfy the equation /j(m) + f s (p) = f 3 (u>). Now, 


A B C 



X« = m u Ui(M 1) -/i(«o)l 

X r = mi4/ 2 (»i) - / 2 (a 0 )J 

X* = 7?tu-[/ 3 (lCl) - / 3 (ie»)] 
25 
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If «o,'Vo, tt’oi represent zero values of the functions, and if line 2 is 
any line, we may drop the subscripts and write simply 

X u = mJi(u) (1) 

X ¥ = (2) 

X m = m„/ 3 (to) (3) 


Let us agree further that the spacing of the scales is in the ratio a/b. 
If we graduate the scales for/i(«) and / 2 (u) in accordance with their 
scale equations (1) and (2), respectively, what will be the modulus for 
the scale equation of / 3 (u>) and what will tlic ratio a/b equal if the chart 
satisfies this relation /i(n) + / 3 (e) — / 3 <to)? 

In Figure 32 draw lines through points Wj and vj parallel to line u 0 v 0 . 
The shaded triangles are similar by construction, hence, 

X u - X„ _ o 
Xu - X, “ 6 


X u b -h Xji 
X u b Xji 

ab ab 



Since X„ 

X. 


Wii«) | ™,; 2 00 


If /r(“) + / 3 {t>) = /a (w), then 


A’ '.(a + b) 



a + b 

wJi(o) 

m a / 3 (to) 

oh 

a -h b 


Therefore 


and 


ah 



m- 4- 
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Thus, to construct an alignment chart for an equation of the form, 

Ji(u) +/*(»)-«»), 


(a) Place the parallel scales for u and v a convenient distance apart. 
(!>) Graduate them in accordance with their scale equations, 
X u — »!«/((«) andX„ = m r f 2 ( t>). 

(c) Locate the scale for w so that its distance from the u scale is to 
its distance from the a scale as m u /m, = a/b. 


(d) Graduate the tc scale from its scale equation, X u — - 
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EXAMPLE 

u + v *» v> (Figure 33). J-et u vary from 0 to 10; and v vary from 0 
to 15. Suppose that the scale lengths are to be 6 in. 


Now wiu = = 0.6; X v = O.Gtt 

and »»v = iV = 0.4; X* = OAv 


and 


0.6 X 0.4 
0.6 + 0.4 


0.24; X u = 0.24io 


m» 0.6 3 a 

m~ v “ 0.4 = 5 “ b 


Now suppose that it is desirable to cut off the chart at the line 1 



(Figure 34), eliminating the portion below line 1. The scale equations 
will then be (using line 1 as the base line) : 


X, = mJM%) -/,(«,)] 

x v = m v \Jz{ t>s) - / 2 (ui)] 

Xv, ~ Wwl/sfe) - / 3 (W[)] 

where v u v,, and w, satisfy the equation f,(u) +f s (v) » f 3 (v>). 
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EXAMPLE 1 

u -f- r — v (Figure* 33). Let ti vary from 2 to G; and r vary from 3 
to 5. length ct tcaJe?, G in. 



... '%*•». 

t-inee n» — — 

w« + m» 

_ _L*J 1« 2 

" 3+2 U 2 

Finer* u, m 2 nml t| - 3. then fore tr*i •* 5. (From the original equa- 
tion U + *• » «*.) Hence, 

A'. - S(» - 5] 

D - ^ - 5 - 5 

l m, ; \ 


Form the following tnblci: 



In tfcU i 
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Much of the calculations set forth in the above tables can be elimi- 
nated if wc compute the location of the end points for each scale, and 
then project the other points geometrically. 

EXAMPLE 2 

I = T>jbd 3 (Figure 36), where I is the moment of inertia of a rec- 
tangle about its axis parallel to b, where b is the width, and d is the 
height of the rectangle. 

Let b vary from 1 to 10 in , d from 1 to 10 in. Length of scaleB, 6 in. 
The equation, which may be written hrP = 127, is put in the type form 
by taking logarithms; thus we obtain 

log b + 3 log d = log 7 + log 12 

Now the moduli ms and mj are computed as follows: 




6 

r= e 

log 10 — log 1 
Ci 

3 log 10-3 log 1 


X b - 6 log 6 

Xa = 2(3 log d) — C log d 


It should be pointed out that the function of d is 3 log tl, the modulus 
2 is the “actual modulus” which is used in locating the 7 scale, and the 
coefficient 6 is the effective modulus which is used in graduating the d 
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Flo. 3G. Moment oC Ir 


of a Rectangle about Its Axis Parallel to the Base. 
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Note carefully that tlie actual moduli of b and d arn used in computing 
»»/, Form the following table ; 


‘ ‘ 1 

2 

3 

... 1 

10 

m - loss J 0 

0.301 

0.477 


1.000 

X* - 8 log b | 0 

0.81 

2 80 


0.00 


The table for d will be the same as the above since mj = 6 (effective 
modulus). 

Now we can graduate the scales for b and d in accordance with the 
scale equations X» — 6 log 6 and X d - 2(3 log d). The scales are placed 
n convenient distance apart. The position of tlie 7 scale is determined 
from the ratio mt/mj *= i Our next step is to locate one point 

on the I scale, i.e., point 1. Suppose we let d - 2 Then b = 127/d 3 
or 6 = (12 X l)/8 =» 1 8. The line joining b ** 1.5 and d - 2 cuts the 
I scale at point 1. Now wo can locate other points on the I scale from 
tbo scale equation 

Xi = etI [ ,os 1 - lc>s ^ 

or X/ = 1.5(logJ) 

This means that points on the J scale are laid off from point 1. If 
the selected point on the I scale were 10, then graduations would bo 
laid off from this point in accordance with the scale equation: 

Xi ~ 1.611ogI - log 10] 
or X/ = l.S(tag 7 — 1) 

If the equation were/j («) — /2(f) = h(w), tlie scale equations would 
be: 


X. = mJjCu] 

CD 

■X, = mJ-ZsCt-)] 

(2) 

m u m, 

; / 3 (ic) 

m u + m t 

(3) 


The negative sign in equation 2 implies that positive valueB of ft(v) are 
laid off downwardly if we agree to lay off positive values of /i(«) up- 
wardly- 
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EXAMPLE 

u — v = w (Figure 37). Suppose u varies from 0 to 5, and v varies 
from 2 to 6. Scale lengths, 6 units (inches, centimeters, or any conven- 
ient length). 

= £ ; x„ = f* 

m v = f = f ; X, = §(-».) = -§o 

fX* _ f 2 2 

Wu f 4 

Scales u and i> are placed a convenient distance apart. Scale u is 
graduated in accordance with the scale equation X„ *= ■§•«. Scale v is 



Fia. 37. Alignment Chart for the Equation, u — v — to. 

graduated from the equation X, = -§-u. This is done by locating point 
2 on the upper end of the v scale, and laying off distances equal to § 
units for each point 3, 4, 5, and 6. 
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NOTE: POSITIVE VALUES OF 'T” ARE LAID OFF DOW 
WARDLY! 

A point on the w scale can be located by solving the original equation, 
tt — o = to, 

Example: Let u = 3 and v = 4; then w — —1 (of course, in this rase 
it might have been simpler to locate the xero point on the w scale by 
letting u and u equal the same value). Having located one point on w, 
other points can be located from the scale equation X m — ’w; that is, 
the distance between consecutive points is § units. 


EXERCISES 

Hydraulics 

21(e). Q = 3 SSiflR (Francis war formula tor a rectangular weir) 

where Q — discharge (cubic feet per second), b «* width of wen (3 to 20 ft), 
H head above crest (0 5 to 1 S ft). 

21(6). Use a double graduation of the Q scale of part a to indicate gallons per 
unaute. 

22. V — cVzgfi (velocity of water, iu f«:t jx;r second, through an 
orifice due to a head of water, II) 


where g “ 32.2, C — a coefficient for the orifice depending on shape, etc. (0.6 to 
I), and H - head of water (1 to IS ft) 

23. The horsepower of a jet of water is given by the equation 


where IT = the weight of water per second (1 to 100 lb) and u — the velocity 
of water in feet per second (1 to 50). 

If desired, since one cubic foot of water is 62.4 lb, the furmula may be con- 
verted to 


HT = 


Qc 8 X 62 4 
2 g X 550 


where Q •=* the quantity in cubic feet per second and g = 32.2. 


24. //•> — (head in feet of a liquid equivalent to the pressure, P, in 
pounds per square foot) 

where TV is weight per cubic foot of the liquid. If P is in pounds per square inch, 
II - J44P/IF. 

Let P Vary from 5 to 300 psi. For TF use tlie common fluids such as water and 
kerosene. 
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vim . . 

25. il = 0.38 s (friction head for water flowing in 1000 ft of pipe) 

where V - velocity of flow in feet per second (2 to 16) and D = diameter of pipe 
in feat (1 to G). 


Strength of Materials 

26. R, — ~ <Pf, (allowable strength of a rivet) 

4 


where d *= diameter of rivet (14 to 1 in.) and /, = allowable unit shearing 
stress of material (3000 to 15,000 psi). 

27. P s “ 4 (radius of gyration of a section) 

A 


whore 7 = 
100 sq in.). 
28. 


moment of inertia (1 to 1000 in. 4 ) and A - area 

/ - ■ —’4, (critical stress in a long column) 

(?) 


of section (1 to 


Lot C = 1, fixity coefficient for pin ended column, E ™ modulus of elasticity 
(10 X 10“ to 30 X 10® psi), and (L/P) — slenderness ratio (70 to 200). 

29. e = ^ (unit elongation in the x direction) 


whero f, = unit stress in x direction (0 to 50,000 psi), f v = unit stress in y direc- 
tion (0 to 60,000 psi), m *= 0.3, and E ** 30 X 10“ psi for structural steel. 


Mechanical 

30. BHP = 7— (Association of Automobile Manufacturers formula) 

where d m diameter of cylinders (If in. to 5%), n = number of cylinders 
(2, 4, 6, 8, 12), and BHP = brake horsepower. 

3 / HP 

31. d = 2.87 •ygpjj (diameter in inches of a spur gear steel shaft) 

where HP = horsepower (100 to 2000) and ItPM = revolutions per minute 
(100 to 1000). 

32. 7 J „ = - — — - Pi (absolute mean pressure of expanded 

steam) 


Where P, = absolute initial pressure (50 to 350 psi) and It = mtio of expan- 
sion = Y/Y i (1 to 10). 
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33. jf* = CF^D'^ 1 (pressure in pounds on tool when cutting east iron) 
where P = feed (0 01 to 0.20 in.}, D = depth of cut (| to 1 in.), C = 45,000 
for soft cast imn, and C — 69,000 for hard cast iron. 

P S47 Aii 

34. F =■ — (Honr of steam through a steam norrle in pounds per 

00 .«.»!) 


where P ~ absolute initial pressure (5 to i 
throat (1 to 30 sq, in.). 

_ i rJSiV 


/ I where B is the cutting speed in feet per minute Jn lath or 

/ I boring mill, D = diameter of work (0 25 to 12 5 in.), and 

/ J N - <10 tu 1000 rpm) 

/ Civil 

C Y | a 36. C - 0 0000065Z.CT - T*) (chango in length 

j of a steel tape due to a difference in temp 

X. I [T — J'o] from the standard temperature, To) 

^Xj where L is the measured length (10 to 100 ft), and (T 
A — T«) varieB from (3® to 70"). 

37. In the figure shown it is required to find the inac- 
cessible distance BD, which is equal to BD — BC-/A B. BC varies (1 to 10) 
and AB varies (1 to 10). 

38. For the simple curve T = R tan A/2, where R is usually obtained from 
the degree of curvature and b equal to 

R 5729,65 5729.65 

(degree of curv.) D 

where D, degree of curvature, varies (1® to 30“) and A varies (10® to 150®). 



39. L.C. — 2R sin ^ (brag chord as shown in figure of problem 38) 
Use limits of problem 33. 
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40. ■ C = R exsec — (external distance of a curve) 


See figure of problem 38. Use same limits. 

41. M = R vera ^ (mkJordinate of a curve) 
See figure of problem 38. Use same limits. 

42. L » ^ 100 (length of the curve) 


Sea figure of problem 38. Use same limits. 


=; (radius of curvature for 100-ft chords) 


See figure of problem 38. Use same limits. 

C 



where it is recommended that 

C - 100 ft for 0° < D < 7° 

C *=* 60 ft for 7° < D < 14 Q 
C = 25 ft for 14° < D < 28 D 
C = 10 ft for D> 28° 

45. In a railroad curve as shown the offset x of B from the tangent at A 

x~9L 
X 2 R 


B 



where C varies (10 to 100 ft) and R varies (100 to 6000 ft) 
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Electrical 

46. P = ^ (power in watts used in pissing nn electric current 

through a resistance, R) 

where E =■ voltage (10 to 220 volts) and 22 — resistance (10 to 1000 ohms). 

47. i i (sum of resistances in parallel) 
where 22i (1 to 100 ohms) and Ri (1 to 100 ohms). 

48. X = (reactance of a coil) 

where/ — frequency, cycles per second (30 to 3000) and C — (1 to 100) capacity 
ot condenser, in microfarads 

49. F, «= 0.232 log (inductive volts per amjicre jier uule of line 

with two wires for a 25-cycle current) 

where r = the radius of the wire in inches and d — the spacing in inches (4 to 
100}. Express r in fl nnd S gage numbers, which very from (0000 to 10). 

50. Double-graduate the E scale of problem 40 to solve the formula, when 
using a RU-cynlc current: 

E - (0.232 X 3.4) log 


Aeronautical 

pY 1 

51- q — — - (dynamic pressure of air moving at velocity IQ 

where p — air density slugs per cubic foot (0.0010 to 0.0025) and V — velocity 
ot ii ir, feet per Eeoond (30 to 300). 

S 1 

52. 22 = (aspect ratio of wing) 

where S — span of airplane wing in feet (20 to 100), A ■= area of airplane wing 
in square feet, and 22 ■= aspect ratio (4 to 7). 

53. Since F BDll — rrV 1w nnd 1 Blug = 32.2 lb, double-graduate the p and 
V scales of problem 51 to increase the usefulness of the chart by eliminating the 
conversion of units. 

54. V, =« 20 — ^(stalling speed of an airplane in feet per 

gecond) 
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where S = wing loading, pound b per square foot (5 to 40) and Ciimm) = maxi- 
mum lift coefficient (1.1 to 2.5). 

55. m = i»b ^ (slope of lift curve for aspect ratio, It) 

3+ i 

where m 6 « 6lope dCz/d at aspect ratio 6, range (4 to 7), and R = aspect ratio 
(4 to 7). 

56. When the equation of problem 55 is constructed as a Z type, it is possible 
by the proper selection of moduli to make nil a tales uniform. Show how this 
cau be done. 

57. Ft *» £l.35 — 0.01 • [ult. T.S.] (allowable stress in bending 

in a chrome molybdenum steel tube) 

where d/t «■ diameter/thickness of wall =» thiclmess ratio (10 to 30) and ult. 
T.S. = ultimate tensile strength of material (90,000 to 180,000 psi). 

General 

58. I =» i Wr s (moment of inertia of a right circular cylinder about 

its axis) 

where W ® total weight in pounds (1 to 25,000) and r = radius in inches (1 to 
25). 


59. r = Vx 2 + 3/’ (vector r whose co-ordinates are x and y) 
where x varies (0 to 10), y varies (0 to 10). 

60. V = 2.467 W 2 (volume of a torus) 

where I) — larger diameter of torus (1 to 10) and <f = small diameter of torus 
(1 to 10). 

61. I = — (moment of inertia of reotangle) 

where I = moment of inertia in inches 4 , b = width of rectangle (2 to 16 in.), 
and d,= depth of roctangle (4 to 24 in.). 

62. P — A(1 -}- 72)” (principal P after n compoundings of the amount 

A at the rate of interest, R ) 

Let A = $1.00, R = interest rate in % (1 to 8), and n = number of time3 
compounded (1 to 20). 
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Chemical 

63. ft — /ii* (specific viscosity referred to miter 'with the same temper- 

ature of a salt solution whose normality is n) 
where m is the specific viscosity of a normal solution nnd may be determined 
from Perry's Chemical Engineers’ Handbook, p. G79 (1034), for various salt solu- 
tions and acids at 25*C, n varies (0.1 to 1.0), and fi varies (0.05 to 1.45). 

64. V — 174.21-\/t + 459.0 y/H (velocity of air at or near atmos- 

phene pressure) 

where V' rr (300 to 15,000 ft per min), l — temperature In degrees Fahrenheit — 
range (0* to 1000®), nnd H =■ velocity head in inches (0 to 5). 

65. Vi - V •y|p- (corrected velocity of problem 64 for pressures 

considerably above atmospheric) 

where Vi — (100 to 10,000 ft per min), V — os before, problem 64, P — (14.7 
to 100 psi), and Pi — 14.7 psi. 

66. V* — Vi y/-^ (correctiun of Vi of problem 85 for specific gravity) 

where V* - (100 to 20,000 ft per min), 7i - (as before), and S = (0 2 to 1 6), 
relative to air. 

67. P ■= II (l0.82 — (partial pressure of ammonia in atmos- 

phere over a solution of M gram moles of ammonia per 1000 gr ams 

of water; T is the temperature in degrees centigrade absolute) 
whem P «* (0 to 1000 mm), M >= (I) to 100 grams), and T - (10® to 40®C). 
Note that the limits of P, AT, and T are not given in the units to be used in the 
equation. Therefore ravine the equation, noting that 1 atmosphere " 760 min, 
molecular weight of NEj = 17.0, and zero degree absolute centigrade — — 273®C. 


Statistics 



where w, = standard deviation from mean (04)5 to 1000), "Zy 1 = sum of devia- 
tions squared (1 to 10*), and N number of cases in sample (1 to 1000). 

69. a m = c w y/l — r„ ! (standard error or estimate in predicting y 
scores from z) 

where standard deviation of y scores (1 to 20); r*„ correlation of s and y 
scores (0,50 to 0.00), and v (R , standard error of estimate (1 to 20). 
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ALIGNMENT CHARTS (Z CHARTS) FOR THE 
SOLUTION OF EQUATIONS OF THE FORM 
!,(.“) = /,(o)-/,(u>) 

Suppose that the parallel scales (Figure 38 ), A and B, are graduated 
in accordance with their scale equations, X v = and X v = 

nivfzty), respectively. The diagonal scale for / 3 (iu) joins /i(«o) and 
f 2(^0) i i<e,, the zero values of the functions of u and v. 

Lot us suppose further that a straight line joining points uj and Vj cuts 



values ol u values of 0 

are laid off are laid off 

upwardly downwardly 

Fro. 38. 

the diagonal scale in point uq so that the equation / : (u) - / 2 (y) -f s (w) 
is satisfied. What will be the scale equation for /3(a))? 

From the similar triangles tt^Wi and 

Xu _ K.~ X w 

x v x7~ 
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X« = m«/iCu) 

X, = m«/g(t>) 

( K - 

m„/iO') = «*«fa(t») 

/i(u) -/ 2 (t>)*/s(u>) 
K - X„ m . , 


If it is desired to graduate the to scale from no instead of Vo, it c 
be shown that the distance from u 0 to u'i is equal to 


Kmufafa) 
»Ja(u>) 4- i»« 
From the above one 


(This should be verified by the reader.) 

3£tu construct this type of chart in the following 


(1) Draw scales for the variables, u and v, parallel to each other. 

(2) Graduate the u scale in accordance with its scale equation, X„ — 

(3) Graduate the 0 scale in accordance with its scale equation, X„ = 
w,/j(v) (plotting positive values of v downwardly if positive values 
of « were plotted upwardly). 

(4) Graduate the w scale from t>o in accordance with its scale equation, 

X w = , or from w 0 in accordance with the scale 
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EXAMPLE 1 

Consider the equation (w 4- 2) = v 2 w (Figure 39). Suppose that 
varies from 0 to 10, and o from 0 to 5. The scale lengths are to 1 
approximately 6 in. 
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- = 0.6 


(10 + 2) -(0 + 2) 

(We shall use 0.25, which merely lengthens the scale 
from 6 to 6 25 in.) 

X„ = 0.6(u + 2) 

X, ~ 0.25 a 2 


X„ - - 


10 


O.Cuc 
0.25 "* 


whefe K =» 10 (ten of nny convenient unit). 
Form the following table: 


» 

0 

05 

1 

, 

3 

X. 

10 

« 


... 

*8 

a 


EXAMPLE 2 


Let ua con deter the equation for the volume of a right circular cyl- 
inder, V »» vrVi/144, where V" is the volume in cubic feet, r is the radius 
of the base circle, in inches (•! to 12), and h is the height of the cylinder 
in feet (•! to 15). We may write the equation, 


AT — T^h, where K 


144 


The range of V is determined from the ranges of r and h. Simple cal- 
culations will show that V varies from 1.40 (or 4r/9) cubic feet to 47.15 
(or 15r) cubic feet. 


Now 


and 


= 0 005 y 
lD=fc 


(-?) 
(-?)] 


144 - 16 

X. =* 0 ORfr 3 — 4*] 
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From the above scale equations, we can graduate the V and r scales. 
It will be observed that it is necessary only to compute the total length 

of the V scale; i.c., X v = 0.005 (l5v - ^)] = 10-48. Then we 

know that the lower point of the scale will be marked 1.40 and the upper 
point will be marked 47.15. Additional graduations can he obtained 
by proportion. Smco the function is linear, the scale is uniform. 

In the case of the r scale, it should be noted that the function is r 2 , 
and therefore distances between consecutive points are proportional to 
the square of r. 

The location of the diagonal scale must be determined next. Many 
students make the typical error of connecting point 4 on the r scale 
with point 1.40 on the V scale. Remember that the diagonal line joins 
the zero value of the function of r with the zero value of the function 
of V. These points would be zero on the r scale and zero on the V 
scale. In this case, it would be possible to include these points on the 
respective scales. However, often the zero values of the functions are 
not accessible within the limits of the drawing. Let us assume this to 
be the case in our problem. 

The position of the h scale can be established by a very simple method. 
Let tus locate points 6 and 12 on the h scale. If we let r «* 10, then 
V = 13.1 when h = G. The line joining r = 10 with V = 13.1 con- 
tains k = 6. Again, if we let r «=> 12, then V = 18.9 when h =* 6. The 
line joining r = 12 with V — 18.9 contains h «= 6. Therefore, the inter- 
section of these two lines is h =* 6 and, in addition, is a point on the 
diagonal. This method can be repeated for another point such as 
h = 12. Other points on the h scale can then be located from point 12, 
by properly using the scale equation, 



— i+i 


m. 


It is evident that K must be determined. This can be done, since the 
distance between points 6 and 12 can be measured. Hence, 


K 


0.005 

O08~ 


X6 + 1 


K 


0.005 

0.08 


X 12+ 1 


2.37 


from which K = 15.23. 
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SIMPLIFIED METHOD 

A method which may simplify the work of graduating the diagonal 
scale can be developed in the following manner (Figure 41). Let C be 



Fia 41. 

a feed point on the right vertical 6calc Let the distance from point A 
to the fixed point bo i (inches, centimeters, or any other convenient 
number of units) Suppose that the nght-hand side of the left vertical 
scale carries a temporary w scale. From the similar triangles, BDE 
and ACE, 

X i K - A» 
f ~ X u 



Previously it had been shown that 

K - A'„ «„ , 

[/»<»)] 


Hence, A'l *» i— [/ 3 (lfl)J 

This equation enables us to graduate the temporary tti scale. Lines 
joining the fixed point, C, with tho graduations on the temporary scale 
will intersect the diagonal in points having the same values of to. 
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This method has two advantages over the one of locating points o 
the diagonal from the equation, 


First, if the function of w is linear, a uniform scale can be graduated on 
the temporary scale; second, the length, K, of the diagonal scale need 
not be known. 


EXAMPLE 


B = — (formula taken from the Association of 
2-5 Automobile Manufacturing) 


where B represents brake horsepower, d (0 to 5 in.) the diameter of the 
cylinder in inches, and n (2, 4, 0, 8, 10, 12) the number of cylinders. The 
maximum value of B ■* 120. Suppose that, the lengths of the parallel 
scales, B and d, are 7.6 in. The scale equations will be: 


Xo 


?«b( 2.5B); 7.6 = mg (300); mg 


X d - m d (d 2 ); 7.5 = m a (25); 


(a) Applying the first method, Ii = 9 in., we have 


■X* 


108 

»+ 12 


Form the following table. (Plot n from these values.) 


(6) Applying the second method, we obtain 



52 NOMOORAPHY (Cinptcr 4 

Points on temporary scale A'i = -nrtt arc located on the right-hand side of 
the B 6cale. These points are connected willi llie fixed point, C. The 
intersection of these lines with the diagonal locate the points on the 
n scale.. In thi* example, l — 5 in. (See Figure 42 for completed chart.) 


EXERCISES 

Since most of the problems of the "three parallel scales" type also fall in the 
Z typo, construct Z-type charts for: Problems 22 to 20, inclusive; 31 to 45, 
inclusive; 47, 50 to 57, inclusive, CO to G5, inclusive; CS and 09. 
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Points on temporary scale ■» arc located on the right-hand side of 
the B scale. These points are connected with the fixed point, C. The 
intersection of these lines with the diagonal locate the points on the 
n scale. In this example, l =* 5 in. (See Figure 42 for completed chart.) 

EXERCISES 

Since most of the problems of the "three parallel scales” type also fall in the 
Z typo, construct 2 - type charts for. Problems 22 to 2D, inclusive; 31 to 45, 
inclusive; 47; 50 to 57, inclusive; 60 to 65, inclusive; OS and CO. 
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OTHER FORMS OF EQUATIONS WHICH CAN RE 
SOLVED MY A Z CHART 

««> +«.) = £$ 

Let us consider 1'igurc -13, n liich phowa tlic r scale on the left, gradu- 
ated in accordance with the scale equation A*, - m,/ 2 (r) and the « scale 
on the right, graduated from the scale equation, A'„ - m./ifir). Note 
that positive values of the variable, r, are plotted upwardly, and that 



positive values of the variable, u, arc plotted downwardly. The diag- 
onal scale which tames the graduations for the function of tr joins the 
zero values of the functions of u and r. 

What is tho scale equation for the function of it, in order to have 
co-lincar points on the tr, r, and w scales satisfy the given equation 
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From the similar triangles and uqUiWi it follows that 
_ K - X„ 

X, ~ X a 

If X u t= m u f,(u) 

X, = mvh(v) 

X v = m„f 3 (vi) 
myfifa) __ X — 

»Wi<w) + ’W2M x 


and 

then 


mJi(w) 

+ m*Mv) 


m w f 3 (w) 


If J£ = and m» *= m» 

/i(u) 

then /i(«) +/*(») -77-T 

Therefore to construct a chart of this form, graduate the scales in ac- 
cordance with the scale equations: 

X„ = «J,(«) 

X, - 


EXAMPLE 


/ = - 


20,000 


l + ~ 


144L 2 


(Gordon Column Formula) 
L (0 to 50 ft) 
r (0 to 10 in.) 


gOOOr 2 

This equation can be reduced to the form 
r* 

f 

20,000 ' 

The equation is the same form as the type which was developed above. 


r 2 + 0.016Z/ 2 = - 
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Fio. 44, Gordon Column Formula. 


I 10 
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X r = nir ’ 2 
X L = m r (0.016L 2 } 

(Remember that the moduli for the parallel scales are the same.) 

Xf ” ^(20,000) 

If the length of the r scale is 7.5 in., then 


7.5 

m, = - — — = 0.075 

(10) 2 

or X r = 0.075^ 

Now X L = 0.075(0.016L 2 ) « 0.0012L 2 

If we let K = 8 


then 




The chart is shown in Figure 44. 

If the equation is of the form, 

/1 («)-/*(*) 


/.(») 

/a(w>) 


the scales for u and v will be graduated in the same direction as shown 
below (Figure 45). 



Ew.45. 
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EXERCISES 

70. Basin coefficient for velocity in open channel flow: 



where m — coefficient of roughness (0 06 to 2) snd It — hydraulic radius in 
feet (0.2 to 25). 

w 

71. S.G. — — . _ (specific gravity of a body) 


where IT = weight in air (0 to 10), IP' — weight in water (0 to 10), and E.G. 
varies (1 to IS). 


(l) “ ’ [(l) rc 'J aired fornthick-wullwl tube subjected to 

internal pressure where j is more than 4 ] 


where / =- maximum fiber stress of material (5000 to 60,000 psi), r = internal 
pressure (1000 to 10,000 psi), and (d/t) varies from 4 to 12. 
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ALIGNMENT CHARTS FOR THE SOLUTION 
OF EQUATIONS OF THE FORM 
1 , 1 I 

/«(») 

Suppose that the intersecting scales, A and C, are graduated in ac- 
cordance with the scale equations (Figure 4G) : 

X v = mJRit) 

X„ - mjiiv) 

If a straight line joining points and v x intersects scale B in a point 

A 



eo that the given equation is satisfied, how should the to scale be 
graduated and how is it located? 
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Through w> let us draw a line parallel to scale A. From the similar 
triangles Ouii’j and Die i«r t , 

X . _ x,~ z 
Yi = t 
XJ = x u x„ - x u z 
I I z 

Xu “ 7 ” 


n^i{n) m r / 2 (p) •/ £ 


In order that the second term of the left-hand member shall become 

t/m. 

Z m, 

let — «* — 


from which 


Hence, 

II 

then 


1 1 m e 

7i00 " T 

Z - irijbCw) 

1 JL 1_ 

/i(“) /s(») /sM 


Therefore, to construct a chart of the above form : 

(a) Graduate the scales for /, (u) and /2(c) in accordance with their 
scale equations, A'„ = and A\ = respectively. 

(E>) Locate the scale for/a(u>) so that 


Z m, 

( m u 

(c) Graduate the C-6cale (see Figure 46) with a temporary ie scale, 
using the scale equation, Z = m 1/3(10), and project the pointsof this scaio 
onto the ta scale by means of parallels to the scale A. 
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ALTERNATE METHOD 

A method for graduating the tu scale directly can be developed 
the following manner: 

By trigonometry, 

Xj* = 7? + i 3 - 2 Zt cos (1S0° - (?) 

- «» + (*“) - 

- Z 3 [ 1 + (^j + 2 cos 0 j 

- [•».Vs(«’) s ] [ 1 + ^ + 2 ^ cos » j 




"= [*n» s + »«u 2 + 2m u ?a, cos <?]/ 3 (i«) 2 


X, 

t = [m„ 2 + m u 2 + 2m v m v cos 0] M fs(w) 

Tlien let 

x, 

. - w»w 

Therefore 

m v » [?n„ 2 + m u 2 + 2m u m v cos 0] H 

The w scale 

can 

be located by the relation 

£ ni„ 


( m u 
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EXAMPLE 


(lens formula) (Figure 47) 


where u = object distance (0 to 100), f = image distance (0 to SO), 
/ ■» focal distance (0 to 50). 

The scale equations arc: 

X u - ot«(k); m u = -r^r; A. = 0.06u 
where the length of the u scale is G in. 

X v - ro„(r); - Al X, - 0.05r 

where the length of the e scale is 4 in. 

Let 8 =» 00° 

m, ^ ( mv a -|- m u 2 4- 2m u m, cos 0} H 

- (0.06* + O05 2 +2XOOGX 0.05 X 0.5) w 

- (0.0036 + 0 0025 + 0 003) H 

- 0 0955 


X, - 00955/ 
Z 005 
l " 0.06 


^ ^Recall that y = ~ ) 


Only one point, such as point 50, need be located on the / scale from 
the scale equation Xf — 0 0955/ The other points may be projected 
geometrically. The same is true of the u and v scales 
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SPECIAL CASE I 
If m c ■= 771* and 0 = 120°, 

X a = m w f s {w) = m„/sC») 



It can be shown easily by geometry that whenever 



the to scale Insects the angle 0; that is, /S = 0/2 (see Figure 48). 
m w *» [wiu* 77i u 2 + 2wb*( — JJJ * 4 


Hence the three scales would have the same modulus. 


EXAMPLE 

— + — = - (Figure 48) 
r\ T2 r 

Let t | and r 2 vary from 0 to 10 ohms, and r from 0 to 5 ohms. If the 
scale lengths for ri and r E arc 2 5 in., then 


m,, — TO,, — 0.25 

Therefore, the scale equations are: 


A* r , = 0.25r 2 and X r , = fl.25r 2 

Since the angle between the scales is 120°, m, = m., — 0 25. Tlius the 
scale equation for the r scale is -V r «=» 0.25r. Again, since nir, 8=5 m ru 
the r scale bisects the angle between the n and r 2 scales. The completed 
chart is shown in Figure 48. 
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r 2 In ohms 

Fia. 48. Alignmont Chart for tho Equation, — +■ • 


SPECIAL CASE 2 

If 6 90°, we have 

m a — [m u ~ + m v 2 + 2 m u m v cos 90°]^ 
m. - t™» 2 + m. ! |« 



In ehms 
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EXAMPLE 

(r ' s " re49> 



iJjin ohms 

Fra. 40. Alignment CKirt /or tho Equation, i ■+• ~ - -i . Two Beales at Right 
ni «i n 
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or 


Let Ri and Ri vary from 0 to 10 ohms, and R from 0 to 5 ohms. 
Suppose that the R\ scale is 4 in. long; that the R% scale is 3 in. long; 
and that the angle between the scales is 90°. Now 
m&i = & = 0-4 


Furthermore, 

and 


X Bl = 0.41?! 

— "nr = 0-3 
X Rt - 0.31?a 


From the above, it follows that 

m« *= [0.4 2 + 0.3 2 ]* = 0.6 

Therefore 

X R = 0.5R 

The R-scale is located by the ratio otk,/wir, = 0.3/0.4. 


EXERCISES 



where u varies 0 to 5 and v varies 0 to 10. 


74. 


where u varies 0 to 10 and v vuries 0 to 8. 
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ALIGNMENT CHARTS FOR EQUATIONS OF FOUR 
OR MORE VARIABLES OF THE FORM 
/«(«) + fi(v) + h(U>) * ‘ ‘ = A(?) 

EXAMPLE 1 
Let us consider the relation 


u + 2 b + Zw = 41 
Let u -J- 2» = Q 

then Q + 3m = 4i 

These two equations are of the form discussed in Chapter Three. 
Suppose (equation 1) that m a «* 1; m, = then 
X u = u and X, = £(2») = v 
.. w„ 1 2 1X! 1 

X™ m.~TV "°”r+l"a 

If (equation 2) X a = ^(3io) = w 

i I 1 ''}+! i 8 

Therefore X, = l(4t) = -*-< 


From the above calculations, we may now proceed to construct the 
chart (Figure BO). 

Now consider equation 1, u + 2i> = Q. Scales « and p are placed a 
convenient distance apart. Seale u is graduated from its scale equa- 
tion, X M = u; and scale v is graduated from its scale equation, X® = 
a (2c) — v. The Q scale is located in accordance with the ratio, m u /m, 
= \/\ = 2/1. Tins scale is not graduated. 

Now consider equatton 2, Q + 3u> = 4<- Scale to is placed a conven- 
ient distance from the Q scale. Graduations on the to scale are located 
in accordance with its scale equation, X» *» -jj(3io) = io. He t scale 
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is located from the ratio, mQ/m a = = 1/1. The t scale is then 

graduated from the' scale equation, Xt = -y-(4£) = ■§-<. 

It' should be carefully noted that in most of the practical applications 
of this form, it is necessary to locate a point on the fourth scale (by a 


o + 2p + 3u/ = « 



computation from the given equation) before graduating that scale 
The chart ia shown in Figure 50. 
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EXAMPLE 2 
R = 19.64 CtPVh 

where R = rate of flow through an orifice, in gallons per minute; C = 
orifice coefficient (06 to 1.6); d <= orifice diameter (0.1 to 1.0 in.), and 
h *= head (10 to 100 ft). 

Our first step is to write the given equation in type form: 

log It — log 19 64 = log C + 2 log d + \ log h 

Let log C + 2 log d T (I) 

and log R — log 19.64 — T + $ log h (2) 

Equations 1 and 2 are now of the form fi(u) + = /s(w). The 

nomogram would look like Figure 51. 

With this arrangement of scales, it will be observed that the opera- 
tion of the chart would require, first, a line (isopleth) joining points on 


h 



Fro. M. 


the C and d scales. '-The intersection of this line with the T scale (dummy 
or turning axis) would then be joined with a point on the h scale The 
intersection of the latter line with the R scale would give the result. 



Chapter 7] 


ALIGNMENT CHARTS 


71 


Now let us try a different analysis of the problem. Suppose we write 
the equations: 

Case b: 

log C + 2 log d ~ T 
and log R — log 19.64 — | log h = T 


Now the arrangement of scales would look like Figure 52. Note: Gradu 
ations on the h scale will be directed downwardly, since a minus sign 
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Case c: 


A third analysis of the given equation shows that we could write: 

log R — log 19.64 = T+i log k 

and T — log C = 2 log d 

The arrangement of scales in this case would look like Figure 63. 
Note that this arrangement is much better than the first two, since 
there is greater clarity in operation and reading. 

Having completed the preliminary studies, let us now make the 
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necessary computations for the final design of the chart which is shown 
above. Consider equation T — log C = 2 log d. 


For scale C 


me 


or AV 


Xc 4 in. ± 

[log C„ — log Col 1°S 1-6 “ log 0.6 
10[Iog C — log 0.6], scale equation for C 


0.4 (use 10.0) 


For scale d 


X d 



2 log 1.0 -2 log 0.1 


= 2[2 log d — 2 log 0.1], scale equation for d 


Now 

or 


vie 4" vit 
10m T 
10 + mr 


Sketch layout for T — log C •* 2 log d is shown in Figure 64. 
Now let us consider the equation 




lofttf - log 19.04 - T+ l log h 
h 

7.5 in. 

m = IlnglOO - \ log 10 “ ’’ 

A't = 15{ J log A ~ a log 10] =* 7.5[log h — log 10) 
Mr 2.5 1 


The modulus for the Jl scale 13 


Wr'Mii 2.5 X 15 

“ m? + nif, 2.5 + 15 

X, ; « 2.H|log /? - log /?,] 


where /Hi is a point an the It scale. This point is computed from the 
original equation. 
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The sketch layout for log — log 19.64 = T + ^ log k is shown in 
Figure 55. The completed chart is shown in Figure 56. 
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The designer is cautioned to check the positioning of the R scale in 
each case, before the adoption of the final form. In some cases, it will 
be found that the most desirable form, case c in the above example, 
may yield one scale whose graduations are not properly oriented with 
respect to the other scales, that is, one scale may be practically out of 
reach in spite of the fact that the "length" of the graduated scale is 
satisfactory. 



= 19.64 ca’V*" 



19.64CdV*. 



Chapter Eight 

PROPORTIONAL CHARTS OF THE FORM 

/«(«>_/.<») 

/,(«) 

This equation can be solved in a manner similar to that used in the 
preceding problem. This simply means transforming the above equa- 
tion to the form 

log/i(«0 - log/ato - Iog/ 3 (uO - l°g/i(3) 

In many cases, however, where the functions are linear, the propor- 
tional type alignment chart has a distinct advantage in that the scales 
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are uniform, thus permitting more accurate readings and also simplify- 
ing the construction of the scales. 

Consider the figure shown in Figure 57. 

Scales A and B are parallel to each other, and graduated in accordance 
with the scale equations; 


78 
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X u = »Wi( M ) and X v - mJaQO, respectively 


77 


In a similar manner, scales C and D are parallel to each other, and 
are graduated in accordance with the scale equations: 

X a ~ m„/ 3 (to) and X q = m q f 4 (q) 

The angle between scales A and C may be of any convenient magnitude. 
Triangles uiUqT and ViVo? 1 arc similar, hence 


X u voT 


Likewise, triangles w 0 Tw t and qoTqi are similar, hence 
X v w 0 T 


But lengths it^T =■ t o 0 T\ and vg T =* q 0 T. Therefore 
X u _ X„ 

Y V ~Y, 


^ mwfs(iv) 
m v f 2 (.v) m„U(q) 

/.(») hM 

h(v) Mq) 


it follows that 


mu, 

m. 


This means that three moduli may be determined from the given data, 
but the fourth modulus will be dependent upon the first three. 
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EXAMPLE 1 (Figure 58) 

t — “ (thickness of a pipe to withstand internal pressures, where P *» 
2/ pressure (25 to 100 psi) 

where/ *» allowable stress (3000 to 15,000 psi), d = diameter of pipe 
(10 to 60 in.), and I — thickness of pipe (-g- to 5 in.). The given c(iua- 
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Now ' 

5 in. 

to* = — j — = 10 in. 

and 

X t = lOi (scale equation for i) 


5 in. d: 

jn , — — o 0833 [ use Oil 

and 

60 ‘ ‘ 

Xi = O.ld (scale equation for d) 


6 in. it 

»V 0.000166 (use 0.0002) 

30,000 

and 

X, = 0.0002(2/) - 0.0004f 

The modulus for P is now computed from m t /md «= vip/mf, or 10/0.1 
= Mj)/0.0002; mp ■= 0.02 and Xp = 0.02P. (Sec Figure 68 for com- 
pleted chart.) 
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EXAMPLE 2 


E 


15(l’-»)(l + ~) 


(Meyer’s evaporation formula) (Figure 59) 


whore E •= the evaporation in inches per month (0 to 10); V — satu- 
rated vapor pressure corresponding to monthly mean temperature, 
t, degrees Fahrenheit, which varies from 30° to 90°; i' = the actual vapor 
pressure; w = the monthly mean wind velocity, mph (0 to 30). 


v *= V X ILH. 


where R.H. ■■ the monthly mean relative humidity (30% to 90%) and 
E = 15V(1 - R.H.)(1 + w/10). 


Or 


£ 

10 + w 


where F is a function of l. 


1.5(1 - R.H ) 
_1_ 

A0 




0 25 
10 


5 

S' 


Xb 


Range of /(<) b 0.184 to 1.40S. 


0.1B4 
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Meyer's Evaporation formula 


£-15<V-v)(l+$) 
(-Monthly mean temperature.'F 



Flo. 59. Meyer’s Evaporation Formula, E — 15(F — v) \ 
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ir M wm 
i : 0.7S 

Therefore m^n = Xnn. « ^ X 1.5(1 - Xt.ll.) = £g(l - It.H.) 

- VC1 - R H.) 


The nngle between scales A and C (or D and B) need not be 00°. 
In fact, scale C could coincide with scale A, which means that scale li 



would coincide with scale B. A study of Figure CO will reveal that 
the above statement is true. 

X u uoF 
Xr “ Fro 
Xu VpP 

-Y, “ Pg 0 

and rince u a a «r 0 and r 0 e 

Xu 

X, ” x. 
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Hence, if X u — m JiM 

X, = mj 2 (v) 

X„ = m«,f x (_w) 

X t = mJM) 

7/1 „ 7U]p 

and “ ~ ~ 

/i(u) /aW 

u ‘“ AW " /.(?) 


Variations of the above charts are shown in Figures Cl, 62, and 63. 
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EXERCISES 

Hydraulics 

75. ( - ~ T (required thickness of a pipe to withstand an internal 

pressure) 

where t ■» thickness in inches (0 to J): P = internal pressure, pounds per square 
melt (0 to 100); / ™ allowable stress, pounds per square inch (0 to 15,000); 
i i — diameter of pipe in inches (0 to GO). 

76. K — — (Reynolds number as used for (laid motion [0 to 1,000,000]) 

where v " velocity, feet per second (0 to 10 ); l — characteristic dimension 
(0 to 2 ft);* - coefficient of viscosity, and for water is a function of temperature 
given by the following table 

T 

32T 
50 
03 
60 
101 
122 
140 
15S 
170 
101 
212 


M 

371 X 10" r 
573 X 10-' 
211 X 10-' 
1G7 X 10" T 
137 X 10-' 
115 X I0-» 
07.8 X 10- 7 
81.0 X 10-» 
74 4 X 10“ 7 
GO 1 X 10- 7 
59.2 X IQ" 1 


P ~ (for water) 

77. <? " C*r\/2gh (discharge from an orifice or nozzle in cubic feet 

per second [0 to 20|) 

where tj coefficient of discharge (1)5 to IO); o « area of the oriDeC (0 to 
1.0 sq It); h - head ot water on the entice (0 to 20 It), g — 22.2 

78. c— — ^ (iclocity man open clumuel (0 to 30 ft per second) 

(Manning's formula]) 

where n — coefficient of roughness (0 009 to 0.035); H “ hydraulic radius 
(0 to 20 ft); S — slope of channel (0 to 0 01). 

79. V - C \/iis (Chcry formula for srfodty in an open channel) 

Use some limits os in nrobletu 7S. 
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(formula for a reaction turbine) 


where N, = specific speed (10 to 100); N = speed in rpm (100 to 2000); HP 
- horsepower (to 1000); H — head of water (10 to 200 ft), 

Strength of Materials 

81. / = (Stress in the outer fiber of a section of a rectangular 

beam) 

where M = bending moment on the section in inch-pounds (10,000 to 300,000); 
b *■ breadth of section, inches (2 to 16) ; h =* depth of section, inches (3 to 20); 
/ = fiber stress, pounds per square inch (750 to 1300). 
life . 

82. / = — (fiber stress in a beam of any cross section) 

where/ ■» fiber stress, pounds per square inch (3000 to 15,000); M ■=> bending 
moment on section in inch-pounds (25,000 to 300,000) ; c =* distance from neutral 
axis where stress is to be found (0 to 10 in.) ; I — moment of inertia of section 
(100 to 10,000 in.‘). 

d* 

83. P =■ 0.196 — / (load supported by a helical compression spring) 


where d = diameter of wire corresponding to B. & S. gage numbers (0000 to 10); 
r =• mean radius of spring (0.5 to 2 in.); / =• shearing stress of material (10,000 
to 60,000 psi). 

84. d = 68.5-\/~~^y (required diameter of a shaft in torsion) 

where II — horsepower to be transmitted — varies from (0 to 500 hp) ; n = speed 
of rotation, rpm (0 to 4000); =* working stress in shear, pounds per square 

inch (5000 to 10,000); d «= diameter (0 to 3 in.). 


85. Euler’s column formula: 


P ^ C**E 


where P/A ~ critical average stress in pounds per square inch, varies from 
(500 to 20,000); C « fixity coefficient (1 to 4); E = modulus of elasticity (1 to 
30 million psi) ; L/p — radius of gyration (70 to 200). 

Civil 

p 

86. X = - (offset from the tangent in a spiral easement curve, 
range 0 to 75) 

where l — distance in feet from TE. (point of spiral), range (0 to 600); R c = 
radius of circle in feet (300 to 6000) ; L e - total length of spiral in feet (0 to 
600). 
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87. S = ^ ■ (fhe "spiral angle" or total inclination of curve to 

tangent at any point on a spiral casement curve, range, 0° to 30®) 

where I = distance in feet from T.S (point of spiral), range (0 to 600); R e — 
radius of circle in feet (300 to C000) ; L c — total length of spiral in feet (0 to COO), 

88. Since D = (double-graduate the R, scale in problem SO 

or 87 to read D, range 1“ to 20°) 

89. c — ;j~~ (elevation of track in feet) 


where 9 *=■ gauge of track; t> ■> velocity in feet per second (0 to 60); R - radius 
of curve in feet (300 to 6000). 

I 

90. C, — (correction to a steel tape due to sag 10 to 0.5]) 

where TF = weiglit of tape in pounds per foot (0 to 0 01); L — length of tape 
between supports (0 to 100 ft), P »• applied tension in pounds (0 to 10). 

91. C — 18(1’’ — ») £l + ^ J (Meyer's evaporation formula) 

where t! is the evaporation in inches per 30-day month (0 to 15 in ). 

Make the substitution for v = (It.II ) V, where n is the actual vapor pressure, 
R -H. the relative humidity, and 1' the vapor pressure at 100% R.lt. and is a 
function of temperature as given in problem ID, functional scales. TF is the 
average wind velocity in miles per hour, varying from (0 to 30) and It-H. is 
(30% to 00%). 

Mechanical 

2rLNW 

92. HP — r ^S7SvT (horsepower as measured by apronybrahoIHP, 

33 -”°° 0 to T5J) 

where L ■■ length of brake arm in feet (0.5 to 1.5); N shaft speed, revolutions 
per minute (0 to 4000) ; IF = load on scales (0 to 200 lb). 

Pi riii H| 

93. — — j (adiahalir. evpm&ino. of air) 

where Pi “ initial pressure (0 to 300 psi); Pi final pressure (0 to 275 psi); 
Fi “ initial volume (0 to 100 eu ft); Fa *= final volume (0 to 110 cu ft). 

94. M «* 03155-4 1 ij (discharge from a steam nozzle in a turbine 

in pounds per second [0 to 0]) 

where Ai = rreit area of nozzle in square inches (0 to 5); Pi •- pressure of steam 
(15 to 300 psi); Vi = specific volume, cubic fuet per pound (0 to 20). 
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D X // 2 X P 

95. 17 — (minimum weight of square chimney required 

to withstand force of wind [0 to 300,000]) 
where D = average width of side in feet (0 to 10) ; 11 — height of chimney in 
feet (0 to 100); F = forco of wind — 50 for hurricane which is design condition; 
B = breadth of base in feet (0 to 15). 

96. Time required for turning or boring work in the Jntlio is expressed by 
T = L/FN, where T — time in minutes for one cut over the work; L *=• length 
of out in inches (G to 72); N = rpm (10 to 1000); F ~ feed in inches per revolu- 
tion (0.002 to 0.30). 

97. Time required for pinning and sbnping is expressed by T — W/FN, where 
T *■ time in minutes; IT *=■ width of work in inches (3 to 00); F — feed per 
stroke in inches (0.01 to 0.25); N = number of cutting strokes per minute 
(2 to 75). 

Electrical 

98. H = (field intensity at any point 1‘ as shown by the figure) 

where I *= current in wire in o5-nmpcrcs (0 to 500); r = in centimeters (1 to 10); 
d = in centimeters (1 to 20); 11 => in lines per 6qunre centimeter (0 to 50). 



99. # “ JQS 2J5 (resistance of a wire in ohms [0 to 25]) 

where l = length of wire in feet (0 to 100); p — specific resistance (0 to 1000 ); 
jD = diameter of the wire (0 to 0.1 in.). 

190. ^ = ti*B m oi 1 '°(ergs) (hysteresis loss per cubic centimeter per 
cycle in iron) 

where ft/, = constant varying from (0.001 to 0.004) for different types of iron; 
J = hysteresis loss in ergs (or convert to watts since one erg t= lO -7 watt) 
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SS 


(0 to 50 watts); F = volume erf iron in cubic centimeters <0 
ma ximum flux density (0 to 20,000). 


101 . 


cos 0 


P 

El 


1000); ~ 


where $ is the phase angle in an alternating current circuit, 0 varies (0° to 60°); 
P -- power in watts as measured by a wattmeter (0 to 1000); E ** voltage of 
circuit (0 to 250); I = current in amperes (0 to 20). 


A cronau tical 

102. L - 0.00256Ct/l V* (lift of an airfoil in pounds (1000 to 20,000] 
where Cl “ lift coefficient of airfoil sect inn (0 to 2 0) ; A ” urea of airfoil, square 
feet (100 to 1000) ; l’ = velocity in miles per hour (50 to 300) 

103. Ppr = ———^7—^ ([inqidlpr thrust in pounds [100 In 1000)) 

where n = propeller efficiency in % varying from (05 to 90%); IIP = engine 
horsepower (25 to COO); F — velocity of airplane in feet per second (50 to 400). 

104. V — 77.3 ^ (airspeed at level in feet per second [50 to 400]) 

where n = propeller efficiency (65 to 90%); d — T Y/Ad, where IT is the weight 
of thn airplane and At> is the equivalent drag area in square feet; rf varies from 
(150 to 1000); P “ TF/EP, where HP is the horsepower of the engine, P vanes 
from (i to 15). 

105. K “ (aspect ratio of a wing, vanes [4 to 8]) 

where K — Monk’s span factor for biplanes, for mnnoplanes K — 1 0, varies 
from (1 to 1-5) ; b ■= span of longest wing in feet (20 to 60), A — total wing 
area in square feet (0 to 1500). 

Clicmical 

106. Q — 0 010356^1 (Faraday’s law of electrolysis; Q = ™ is the 
quantity deposited per second due to electrolysis and vanes [0 to 10]) 

where a “ the atomic weight (select a number of elements used in electrolysis), 
k •= the valence of the element (1 to 4); » = electric current in amperes (1 to 10). 

107 - w ~ SnfrSeo) ■ ®“ I" <° 6 "■ ■” m ,l » 

where P — pressure in pounds per square inch absolute (10 to 1000), m = molec- 
ular weight (2 to 200) ; t ■ temperature (0° to 6Q0°F). 
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108. TP = VNM (titration equation where V milliliters of N normal 
reagent are required to titrate TP grams of a substance, the 
the milliequivalent of which is Af ) 

where V = milliliters (10 to 25); AT ~ normal reagent (0.1 to 0.5); M = milli- 
equivalent (0.02 to 0.20); TP ~ grams of substance (0 to 2.5). 


General 


109. 


C = 


TPP* 

gR 


(centrifugal force acting on a body due to a rotation) 


where IP ■ weight in pounds of the body (1 to 150); V = velocity in feet per 
second (1 to 50); ft » the radins of the path in feet (0.1 to 10); g = 32.2; 
C ■=» centrifugal force in pounds (0 to 1500). 


110 . 


a u 20 -Mi 

t> “ 20 + fj 


where u varies from 0 to 10; u varies from 0 to 10; <i varies from 0 to 100; h 
varies from 0 to 100. 


111. (AL) ** La (k~ ti), increase in length of a bar due to tem- 
perature changes 

where L * length of bar (0 to 100 ft) and a = coefficient of expansion as given 
by the following table: 


Aluminum >= 0.0000244 

Lead - 0.000029 

Wrought iron and mild steal ■= 0.000011 

Crown glass - 0.000009 


Hardened steel — 0.000010 
Copper -0.0000171 
Brass - 0.0000198 
Tin = 0.000027 


(<a — <i), change in temperature in degrees Centigrade (0° to 100°) 

112. I = PRT, (simple interest law) 

whore/ = interest (0 to$400);P = principal ($1 to $1000); ft = rate of interest 
per year period (4 to 8%); T = time or period in years (0 to 5 years) (subdivide 
time scale into months). 

113. A = |6c sin a — area of a triangle shown in the figure 



= (20° to 1C0°); b — (0 to 10); c = (0 to 10); A = (0 to 50). 
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fi(M) + /,( v) = 


m 


An equation of the above fonn can be solved by a combination of 
two types already discussed (Figure C4). 



Fia. 64. 


Let /i(u) +/*(») = T (1) (3 parallel scales) 

Uw) 

and 3*=^- (2) (Z chart) 

f*\S) 

or /a(») = TMg) 

Now let us consider another method tor [solving the above equation 
(Figure 65). Suppose that the parallel scales, A and B, arc graduated 
in accordance with the scale equations: 

X u “ 

Xv ~ 771 11/2 (®) 

and that the scale A also carries graduations for the / 3 (k>), the scale 
equation, of which is X a * m B / 3 (w). Let us further suppose that the 

90 
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fiipgnnnl is graduated in accordance with the scale equation X t 



A study of Figure 65 reveals the following relation: 

X u + X. X w 
K = X q 

since triangles CAD and Cv>iqi are similar. 

Or tBu/ifa) + w.fefr) = m,„f 3 (tu) 

K 

If /i(tt) +/*(»)- ~ 

/■*(«) 

then m„ = m u 


and 


or 


mu m w 
K Vlq 


ntu 

Hence, to construct an alignment chart of the above form: 

(a) Graduate the left side of scale A from its scale equation, X„ 

mufxfa). 
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(6) Graduate scale B from X B *= jn«/a(t>). 

(c) Graduate the right side of scale A from its scale equation, 

* 

(d) Graduate the diagonal scale from X, — m ,/<(?), where m, «= 
Km a /tn u . 

Caution-. Po not overlook the fact that point C is the zero value of 
functions u, to, and q; that point D is the zero value of function v. 


EXAMPLE 


V 


•7th /5 
9 \4 


/)* + ip'j (volume 


of a bnny) (Figure 66) 


where h = height of buoy (0 to 10 ft); J) — diameter of midsection (0 
to 10 ft), d = diameter of base (0 to 10 ft); and V — volume of buoy. 
5 , „ 07 

Then - V 1 + d* = — , which is of the form 

4 rh 


X B 

X d 

X. 


/i(«) +/*(«>) - 


^ /j(w) 

/.(a) 

wt»£D 2 = O.OSJD 3 = O.075D 5 (scale length, 7.5 in.) 
mrfd” = O.OOd 2 (scale length, (i in.) 

m v 9V - 0.001 X 9V - 0.009 F (scale length approx. 7 in.) 


or m / 1 


1C 

Km v _ 0.001 X K _ 0 1 30 
mo 0.06 6 jt 


0.55 in. 


X* 


O.Sh 


Exuntjilm Given: D = 8, d= 10; h = 5. (Solution: Join points 8 and 
10 on the D and d scale, respectively. Through point 5 on tbe h scale 
draw a parallel line. This line cuts the V scale in point V = 315. By 
computation, V = 314.29. 
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If the equation is of the form /, (u) — f 9 (v) = /a (w) //<(?), positive 
values of u and v Tvill be laid off in the same direction. This is shown 
in Figure 67. 



Again, if 


and 


Then 


Xu - x. x u 
K ~ X t 
X u *= rrtuMu) 

X T = m.f 2 (v) 

Xu, = 

X a - m,U(q) 


K 

/»<«) -/* to 


Ml) 


EXAMPLE 

= ^ (Figure 68) 
4 2 

« (0 to fi); v (0 to 5); 5 (0 to 6) 




06 
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Example: Given: u ~ S; v = 3; q = 4. 

Required: to. 

Solution. Join points 5 and 3 on tlie u and v scales, respectively. 
Through point 4 on the q scale, draw a line parallel to line 1 and read 
tv = 255. By computation, w ~ 256. 

If it is desired to construct a nomogram for an equation of the type 
form fi (u) +fs(o) “ /»(»)//*(?) bo that no double scales will be necea- 



Tio. CO. 


wry, another arrangement can be made which will overcome this 
situation. 

Let us consider Figure 09. Scales « and w are at right angles. Simi- 
larly, scale q and the diagonal AD, which joins the zero values 
of functions u and v, are at right angles. Scales u and a are 
parallel. 

The geometric relations can easily be determined by studying a typ- 
ical ease. Suppose line 1 joins any two points ti, and t>j. Then let us 
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flnur lino. 2 through point wj and perpendicular to lino 3. The inter- 
section of line 2 with the q scale will give us point 5,, the desired solu- 
tion. Why is this true? 

In Figure 09 it will be seen that line BC is parallel to line 1. Again, 
triangles ABC and Bjiicj are similar. Therefore 
X u + X r X w 
K = X, 

The remainder of the development is the same as shown previously. 

There is an advantage in this design over the one which uses parallels, 
in that (1) there is a separate scale for each function and (2) the read- 
ings can bo made by placing a transparent sheet, having but two lines 
nl right angles, over the nomogram. Proper orientation of the lines can 
bo made very quiekly. 

EXERCISES 

111. A « *^ 1 £ ^ (area of a trapezoid) 

1 



where hi (0 to 100) ; h; = (0 to SO) ; d = (0 to 50) ; A — limits corresponding. 

115. Weight of a hollow steel tube: IT «= ^ ^ ^ • p 

where IT « the weight (0 to 100 ib>; ( «= the length in inches (0 to 100); d = 
the out side diameter (0 to 2 in.); it, = (he inside diameter (0 to 1.9 in.); p = 
density " -159.0/1723 It) per cu in. 

U6. KP ■= (pi + Pi) 

where His the volume of earthwork per station; p, + pi arc average pV---i-r-=- 
rv-adiugs in square inches from the rross section drawings, and X is a cm -jr.z.r-. 
di'paiiltng on the length of section and the scale: V = (0 to 1000) is r-.-f-l- 
Pi «r ;>i (0 to 10). and K •» corresponding limits. 




NOMOGRAPHY 


I Chapter 9 


117. F «* (Wall Thickness Sensitivity) 

where F is the tensile strength of a metal or alloy, t is the thickness, it and “a" 
arc constants depending on the kind of material. 

F = (10 to 60 kg per sq mm) 
k ~ constant (10 to 50 kg per sq ram) 

< " (1 0 to 00 mm) 
a - (0.2 to 0.7) 

118. R — (P — d) £55, 000 (strength of a riveted steel plate between 

nvet holes) 

•where P is the pitch of the rivets and d the diameter. 

P - (0 to 5 In ) 
tf ~ (0 to 1 In ) 

R - (0 to 100,000 lb) 
t - (0 to 1 in.) 

Ta 

119. jr = «'•’ (ratio of tensions in a rope used over a pulley as shown 

* in the figure where Tj is the larger pull) 


Td varies (X to 100 lb) 
T. vanes (X to 100 lb) 
H varies (0 to 0.4) 

8 varies (0 to it) 
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ALIGNMENT CHARTS FOR THE SOLUTION OF 
EQUATIONS OF THE FORM 

m + MoKM = W») 

Suppose the parallel scales, A and B (Figure 70), are graduated in 
accordance with the scale equations: 

X u = nWi(tt) 

X v ■= mj 2 (v) 

It is further supposed that a straight line joining points «j and i>j 
cuts the curved scale, C, in point w h which satisfies the equation. 



Points on the scale C are located by co-ordinates, X„ and Y w . Let 
us develop expressions for X w and 

99 
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From the similar triangles (shaded), 

X a - Yu X v 

Yu, - X. * K - X w 

from which X«(K - X K ) + IX - KY W 


— fe] 

+ Wp/ato [ A . ] 



This La true since X m = mJifii) and A' r = tn,/j(p) Careful study 
of the above equation will show that X W /(.K - A' u .) must equal C/j(ie) 
and that the right-hand member, KYu/(K — X„) must equal Cj/ t (w) 
In order to obtain the equation /i(u) +/*(*) /a(«j) *= /»(«), it will be 
seen that C » m u /m t and Cj = «rc„ This means that 


From 


and from 


Xu, 

K- Xu, 



m u / 3 (w) + m„ 

«■/<{»> 

Afnu/tfw) — X m m n ftiw) 
X 


V t f \ mufa&fmuftiw) 

or Y w = m*/4( w) 

w»/a(«0 + 

j, ^ to) 

m«/s(U>) + Wr 

Hence, to construct an alignment chart of the above form, 

(1) Graduate the A and B scale- from their scale equations: 
Xu = TOu/l(u) 

A', “ 
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(2) Locate the curved scale by its co-ordinates: 

^ KmJ 3 (w) 
mufsiw) + m„ 
y _ rr^mJiiw) 
r«u/a(w) + m„ 

Caution. The axis from which distances Y a are laid off is the line 
which joins the zero value of function, fi(u), with the zero value of 
function, 


EXAMPLE 

«j 2 -f pw -f- q = 0 (quadratic formula) 
Transposing q + pw <= —to 2 

which is of the form 

. A <«) +£60 •/»<») 

X q — m t q = 0.6g 
X p - m p p = 0.6p 

where m 7 and m p were arbitrarily chosen as 0.6. 

X = K m -ufz(w) 

’ * m»h(.w) + 

If K « 5 in. 

^ X 0.6 X w 5w 

0.6u> + 0.6 ~ jzT-fl 

Y _ 

WsCw) + 

_ 0.6 X 0.6 (~v> 2 ) _ — O.Cui 2 
0.6to + 0.6 w + 1 
See Figure 71 for graphical solution. 
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EXERCISES 

120. Q — 3.33 {B — 0.2/7)17^ (Francis formula for the quantity of 

miter flowing over a contracted weir) 

where B — width of the weir in feet (0 to 5); H = head over the crest (0 to 
5 It); Q — calculate limits. 

121. S ** y 0 f — \gP (distance traveled by a body projected upward 

with a velocity v 0 , after a time, t) 

where S — distance in feet (calculate limits); v a = velocity in feet per second 
(0 to 100); ( « time in seconds (0 to 5); and g — 32.2. 

122. = 0.0982 (section modulus of a hollow tube 

whose outside and inside diameters arc D and d, respectively) 

where D varies (0 to 10 in.) and d varies (0 to 9 in.). 

I* 22 58 

123. V = 0.649 It- (specific volume in cubic feet of super- 

V V ' 

heated steam under a pressuro of p pounds per square inch 
and with a temperature, T, in degrees Fahrenheit) 
where T varies (220 to 600); p - (30 to 200). 

124. V •» Jirr 5 A -)- {rh* (volume of a spherical segment with one base) 
where k is the altitude of the segment and r the radius of the sphere, r varies 
(0 to 10 in.) and h varies (0 to 10 in.). 
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X% = i»ufi(u) X K = m a f 3 (w) 

X. - mMv) X g = 



X u a + b + X 

x,~ x 


X» = b + x 
X, c — X 

101 
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and amplifying, 

X, 



a + b 



bX u aX v 
cX a ~ (« + b + $X v 


mafsjw) ^ bw^/ifu) + niii,/a(») 
mjiiq) cot b /i(k) - (a + b + c)m„f 2 (v) 


a + b 4- c = c — 


and 


vi, a am„ 
m 4 an« 


it con bo shown that 


/.(«)+/»( «) ._/»(«) 
AGO -/*(*) "/<(«) 


By algebraic manipulation of the three previous substitutions. 


77i u + 771 „ 





o + b + c 


— (Intermediate steps are left 
m ‘' to the reader) 
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2. The type form discussed above can be represented by an alignment 
chart of the design shown in Figure 73. The scales for fi(u) and/s(u) 
are at right angles; likewise, the scales for f 3 [u>) and are at right 
angles; and a 45° angle exists between the /i(u) and / 3 (u>) scales. If 
values «i, P|, and toj are selected, the value of q\ is obtained by drawing 
a line through tti, parallel to the line Joining ttj with v t . 



I-ct us examine the geometry of tlie figure. Triangles Uit»iB and 
U, AO are similar (from the construction shown). Therefore, 

u t C + CB __ viB 
uxO “ AO 
-f- X? viB 

01 X u - " AO 

Also, triangles AOu t and wiCsi are similar- Hence, 

Oti _ X„ 

AO ~ X B 
Ov i =* vjB 
Xu-bX, _ X„ 

Xu - Xv ~ 


Sinco 
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Ju = m„/ a (u>) 
X, = 

m,/iM + m,f 2 (v) _ m v ,f 3 (w) 
mufifp) - m*fa(p) m t U(q) 
This means that m a — m„ and win — m q if 

/i(«)+/ 2 (f) /s(w) 

/l(»)-/s(#) = /4(fi) 


3. /i<« ) / 2 (p) + h(w) U(q) - 4(<7) 

Let /i(u)/ 2 (f) *= T (1) 

and T + / 2 (io) -/ d (?) = /«(?) (2) 

Thus a combination of a Z chart and one involving two straight lines 
and a curve can be formed to solve the above equation' (Figure 74). 
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2. The type form discussed above can be represented by an alignment 
chart of the design shown in Figure 73. The scales for and /s(u) 
are at right angles; likewise, the scales for / 3 (u>) and /4(g) are at right 
angles; and a 45° angle exists between the fi(u) and /*(w) scales. If 
values Ui, Vj, and are selected, the value of gi Ls obtained by drawing 
a line through ui u parallel to the line joining ui with v t . 



I*t us examine the geometry of the figure. Triangles UyV^B and 
tt| AO arc similar (from the construction shown). Therefore, 

UiC + CB ViB 
UjO AO 
X„ + X r vtB 
0F X U ~X.~ AO 

Also, triangles AOv 1 and WjCgi are similar. Hence, 

Owi Xu, 

AO ~ ~xl 
Ov 1 = VjB 
Xu 4- X. X„ 

Xu - Xu ~ X 9 
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If X u = m,,/i(u) 

X v = m v J 2 (v) 
X w = m w / 8 (io) 

x, = v vA(g) 
w»A(«) 4- w,/a(t») = m w fi(w) 
mj i(u) - to„/ 2 (») ^5/4(2) 

Tliis means that to u « to, and m„ — m a if 

/i(«)+/ 2 (p) Mw) 

Mu)-Mv) M 2 ) 


3. /,<«)•/*<*) + «»)•/*(*) - 4( ? ) 

Let /i(u) •/,(») = T (1) 

and r + / 3 (u))-/ 4 (ff) -/ 6 (?) (2) 

Thus a combination of a Z chart and one involving two straight lines 
and a curve can be formed to solve the above equation (Figure 74). 




Fro. 74. Alignment Chart for an Equation of the Form, A(u) '/j(r) 4*/s(to)-/4(j) 
“/«(?)■ 



[Chapltr 
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4. /,(u) + /j(o) ■ f 3 (w) = / 4 (o) (Figure 76) 


Let /aW'/aCw) = T 

and /,(«) -f 3* = /<(«> 



T 

Fio 75 Alignment Chart tor an Equation of the Form, /i(u) +AM 



A" b = Z “ mj'rfu) 

= mM») l - «v/ 3 (u>)/*<«>) 
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Points on the curve are located from 

Z — mnfz(y>) 

and i = m.} s {w)U{w) 
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In the following manner: 

1. Graduate a temporary to scale along the horizontal scale for Mu). 

2. Draw lines through points on the temporary w scale, parallel to 
the v scale. 

3. On these lines lay off distances obtained from l — m„fz(w)f A (v>), 
using the same value of v> through which the parallels were drawn. 


6. fi(«)-/ 2 (u)-/ 3 (ui) - /,(<?) -/ 6 (r) (Figure 77) 



FiO. 77. Combination Proportional and Z Chart for on Equation of the Form, 
/l(«) •/*(?) -/altfl) = Ml) -Mr). 

Mu) T 

Ma) My) 


Let 


(proportional chart) (1) 



no 


NOMOGRAPH!* 


]Chapler It 


and 


/t(r) /a(to) 

T l 


m 


or 


Si CO - Qfc(») 


(Z chart) 


iVote: An alternate form could be developed by expressing the given 
equation logarithmically, resulting in an abgnment chart having parallel 
scales 


7. A(«) / 2 (r) •/,(») = /.(«)• r a (r>-/ B (s) (Figure 78) 


/l(n) 

T 

(1) 

Ml) 

= /afr) 

/afr) 

/»(») 

C21 

r 

/.(•) 

W 
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8. DESIGN OF NET CHARTS 

Problems involving four variables may also be solved by a net chart 
which makes it possible to read all four variables with one isopleth. 
The principles involved in the design of this type chart are the same as 
those employed in the design of a chart of the form, f t (u) +A( U ) **> 
h(w)- 

EXAMPLE 

Suppose the given equation is S = Fot + faf 2 , where £ «= distance 
traversed in feet (0 to 15), Fo = initial velocity in feet per second (0 to 
10), a ■=» acceleration in feet per second 2 (0 to 4), and t — time interval 
in seconds (1 to 4).' 

Balviion. Let t <■ 1, 2, 3, and 4. With these values for l, the follow- 
ing equations result, namely: 


5 = F 0 -f- 1 

(1) 

£ - 2F 0 + 2a 

(2) 

£ - 3F 0 + fa 

(3) 

£ = 4F 0 +'8a 

(4) 


All the above equations are of the fonn/i(w) + f 2 (v) = / 3 (io). 

Consider the first equation, S =» F 0 ■+■ a/2, It may be written 
Fo — £ = —a/2 to conform with the type equation /, (w) + / 2 (t>) = 
/ 3 {w). Suppose that the desired length of the V 0 and fi scales is 10 
units; then, the scale equations are: 


- F 0 and X, = f S. 

1 v -S- 2 

From the above moduli, the modulus for the a scale is ¥ = - ; and 

1 + s 5 

its position is determined from the ratio =* — . The scale equation 
"5 2 

for a then becomes X a = §-(a/2) = a/5. The chart for the equation 
F 0 — S = —a/2 is shown in Figure 79. 

Now, consider equation 2, S - 2F 0 + 2a. This equation can be re- 
written in type form as 2F 0 — S = —2a. 

If we are to use the same F 0 and £ scales as Bhown in Figure 79, the 
effective moduli for the scale equations, ~ m„ 0 ( 2Fo) and X, — m,S 
must be the same as these used in equation 1. 

Tins means that m Vl must equal § in order for the effective modulus 



KOMOGKAPHY 


112 


\Chapttr 11 


to equal one. Therefore, the scale equation for l r o in equation 2 is 

A'., = -1&V 0 ) * Vo. 

Since the coefficient of 5 is the same in both equations 1 and 2, no 
change in modulus for the S scale is necessary- Note, however, that 


the location of the a scale is determined by the ratio 


i * 
t"*’ 


The chart for equation 2 is shown in Figure 80. 



l’io. 73. First Step in Designing a Net Cliart for tlio Nt|Uat|oo, B — TV + 
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Fis. SO. Second Step iu Designing a Net Chart for the Equation, <9 = Fqt + 
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Tf the two charts are superposed, the resulting chart, Figure 81, would 
he obtained. 

It should be clear that similar calculations for equations 3 and -1 
would be necessary to complete the net chart. It is not necessary to 



1 = 4 1=3 

Fin. 31. Net Chart lor the Equation, S ■= V »1 + £c£*. 


make separate charts for each of the four equations, since the Vo and 
S scales are the same in all cases. Calculations for positioning the O 
scale are necessary and, in addition, the moduli for the a scales must be 
computed in order to graduate these scales properly. Finally, curves 
drawn through like values of a will establish the net for the variable a. 
The net for the variable, i, consists of the vertical lines which first 
carried the values of a when t equaled 1, 2, 3, and 4. The completed 
chart is eh own in Figure 81. 
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EXERCISES 



when / — fiber stress (SOO to 2500 psi) ; I 
W = total load (1000 to 12,000 lb); b « 
of beam (4 to 16 in.). 

126. A„ SI - 


= length of wooden beam (5 to 30 ft); 
width of beam (2 to 12 in.); d = depth 

PP 

48J27 


where A » deflection of a simple beam with u concentrated load at the center, 
in inches; P = concentrated load (500 to 10,000 lb); 1 = length of beam (60 to 
300 in.); £! = modulus of elasticity (2 X 10 s to 30 X 10° psi); / ■= moment of 
inertia (1000 to 20,000 in. 4 ). 


127. 


= WP 
= RKI 


where A is deflection in inches of simple beams loaded as follows: (a) uniformly 
(K - 384/5), (6) load increasing uniformly to one end (7C = 1000/13), (c) 
load increasing uniformly to the center (K *= 60); W ■* total load (10,000 to 
300,000 lb); E and I as above; and f ■« (120 to 600 in.). 
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SUMMARY OF TYPF. FORMS 

1. A(«) + tJL ») = /s(«0 

Scale equations: 

X„ * m»A(u) 

X v = m,f 2 (y) 



M <0 +/*M -/»<«) 
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3. 

Seals equations: 


MISCELLANEOUS FORMS 

/i(«) + = 

X u = m„/i(«) 


X v = m,h(v) 


X„ = Kf 3 (w) 
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4 ‘ «U) + / 2 (o) - hiw) 

Scale equations : 

X a = in»fdu) 

X, =* 

Location of 10 scale: 


Graduate a> scale by 

(a) Z = m»/3(u>) and parallels to u scale, 
or (6) = [m, 2 + + 2m u m„ cos 0] M -/a(“O 




MISCELLANEOUS FORMS 
+ /s(y) + • • • = 4(a) 


Sec Type 1. 


e equations'. 

X u - m*/i(u) 
X v = nta/sOO 


4(a) _ (s(u) 
6W 4(a) 


Xu = m w f j(u>) 
■X, = mMq) 


and 




8. /j(«) 4- ft(v) “ yJ-jy 

Same ns in 7. Alternate form of chart shown below. 






Chapter Twelve 


PRACTICAL SHORT-CUTS IN THE DESIGN OF 
ALIGNMENT CHARTS 

If the designer is thoroughly grounded in the theory of alignment 
charts and fully understands the mathematical methods employed in 
changing a given equation to a type form, it is frequently possible to 
short-cut the actual construction of the chart. 

EXAMPLE 1 

Suppose that the given equation is M = u-f /8 (be nd i n g moment in 
foot-pounds), -where the ranges are w (10 to 300 lb per ft) and l (5 to 
30 ft). 

If a chart consisting of parallel Beales is desired, the designer recog- 
nizes the fact that the equation can be converted to the form: 

log tc + 2 log l - log M -f log 8 

The chart can now bo constructed without making any further cal- 
culations. The following procedure is suggested: 

1. Draw two parallel lines any convenient distance apart. 

2. Graduate the left-hand scale for w by simply marking the lower 
point 10 and the upper point 300. Other points on the scale may 
be located by projecting from a log scale (two-deck slide rule scale 
or commercial log sheets having two decks). 

3. Mark the lower point of the l scale 5 and the upper point 30. 
Again, locate additional graduations by projecting from a Jog scale. 

4. Now calculate two points for M, i.e. : 

(a) Let to = 40 and l — 10. This yields M = 500. 

(h) Let to — 160 and l = 5. This yields M — 500. 

The point in which the line joining 40 and 10 intersects the line join- 
ing 160 and 5 is point M = 500. The vertical line through this point 
locates the M scale. A second point on this scale can be now located 
122 
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fay letting w = 40 and l — 30, which yield M — 4500. The line joining 
to = 40 with l — 30, then cuts the M scale in point 4500. Other points 
may be obtained by projecting from a log scale, The completed chart 
is shown in Figure 82. 



Fio. 82. Alignment Chart for the Equation, M «= \uit-, Constructed fay the Short- 
Cut Method. 
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EXAMPLE 2 

Consider the equation, 

S’ = 0,0082 ^ ^ (seclLoa modulus foe tubes and bars) 

where D and d = (0 to 10 in.) and S = (0 to 100 in. 3 ). 

The equation may be converted to the form, 0.09S2d 4 + JDS =» 

O.OOS2D 1 , which is in the type form, /i(u) + / 2 (e) •/ s (u<) s= / 4 (u>), 

The chart will consist of two 
parallel scales for d and S re- 
spectively, and a curved scale for 
U A preliminary sketch of the 
chart would look something like 
Figure 83. 

The following procedure is sug- 
gested; 

1. Draw the d and S scales a 
convenient distance apart. 

2. Mark the lower point on the 
d scale, 0 and the upper point 111. 

3. Likewise, mark the iower 
and upper points on the 8 scale 
0 and 100, respectively. Since 

the function of S is linear, this scale will be uniform and can be 
readily graduated. 

4. The d scale can be graduated by first laying out a d 4 scale nod then 
projecting this scale to the d scule. 

5. If 5 = 0, then d* *= Ii*. Draw lines through S = 0 and points nn 
(lie d scale. Somewhere on these lines will be found the corresponding 
values of D. 

6. Now let d ™ 0; then DS *» 0.0982D 4 . From this equation, wc can 
determine values of S for given values of D. 



Fin. 83. 
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B 12.3 


Now draw lines through d s* 0, and the values of S shown in the table 
above. 



Chapter Thirteen 

THE USE OF DETERMINANTS IN THE DESIGN 
ANI) CONSTRUCTION OF ALIGNJVIENT CHARTS 

Most students find the geometric method discussed in the previous 
chapters a simple and direct approach to the design and construction of 
alignment charts. It is felt, however, that an introduction to the method 
which employs determinants is desirable so that students will be enabled 



to comprehend, more fully, treatments based on determinants ex- 
clusively. 

Let us consider Figure 85. The area of the triangle may be obtained 
by the difference hetween the area of trapezoid 3 and the sum of the 
areas of trapezoids 1 and 2; or 

Area of triangle 

= life + - *0 + (& 4- vOfe - * 2 ) - (yi + yOfe - *01 

126 
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la determinant form this would be ' 

*i Vi 1 

4=2 *2 Vt 1 

*3 VS 1 

If point x 2 ya were placed on the line joining Zjyi with xmz, the points 
are said to be co-linear, or the area of the triangle is zero. Hence 
*i yi 1 

A = $ x% y t 1 =0 

*3 2/8 1 

zi Vi 1 

or when x 2 y 2 1 — 0 

a* 2/s 1 

the points sij/i, x^ 3 , and ia5»3 are on the same line. 

EXAMPLE 1 

Suppose we have the determinant 

0 u 1 

1 • 1 -0 

* f 1 

1. What does the determinant mean? 

2. How can we construct an alignment chart from this determinant? 
In order to answer tho first question, we must learn how to expand, 
or evaluate, the determinant, which is done in the following manner: 


= 0 


(a) Multiply 0, v, and 1. This is step 1 (see arrow). 

(b) Multiply 1, w/ 2, and 1. This is step 2 (see arrow). 
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(c) Multiply -j, 1, and u. This is step 3 (see arrow). 

(d) Add the results of steps (a), (6), and (c). Thus far we have: 


Now start in the upper right-hand corner. 

(«) Multiply 1, v, and j. This is step 4 (see arrow). 
(/) Multiply 1, to/2, and 0. This is step 5 (see arrow). 
(ff) Multiply 1, 1, and u. ThiR is step fi (see arrow). 

(A) Add the results of steps c, /, and g. This is 


Finally, subtract h from d, i.e., 



or u + y — to - 0 

Now with regard to the second question. If we consider 0, it as 
xij/t 1, v as 2a 2/j ; and io/2 as x 3 j/ 3 , wn may plot points for u, e, and 
to by assigning definite values such as 0, 1, 2, 3 • • • n to each. 

Since the ~ value is zero for all values of a, all points of w will lie 
on the Y axis. Likewise, since x s = 1, all points of v will lie on a line 
[in rat lei to the Y axis and one unit to the right. Similarly, x 3 = 2, 
nnd all points of to will lie on a line parallel to the Y axis and a -j- unit 
to the right. It should be observed that since y 3 = to/2, the distance 
between consecutive values of w will be half the distance between con- 
secutive values of a or o. 

A straight line which joins a point on the a scale with one on the 0 
scale will cut the to scale in a value which satisfies the equation u + t> 
= to (Figure SG). While the above material is easy to follow, one may 
wonder how the determinant 

I 0 u 1 
lot 

I* 2 ‘ 

was developed in the fust place. This could have been done by trial 
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and error, observing that the riglit-liand column must consist of ones, 
and that only one variable should appear in each row. 

A better approach, one which is direct and mathematically correct, 
is this: 

(a) First, write the equation u + v — w =* 0. 


Y 



ininants. 


(ft) Second, let x — u, and y — o. 

(c) Third, write the expressions 

x- tt = 0 

H — v = 0 

x + y — w — 0 

It should he noted that we now have three equations in x and y. If 
they are consistent, the determinant made up from the coefficients of 
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x and y and the constant term must vanish. [Sea Bocher’s test Intro- 
duction to Higher Algebra (Chapter Four),] This means that 


1 0 
0 1 


«= 0 


The value of this determinant is u + v =* to. You will recall that the 
determinant must bo in the form 

I *i Vi 1 I 

*2 Vz 1 “ 0 

\ Xi Vt 1 I 


before the chart can be constructed. How can we manipulate the deters 
minant in order to transform it to the form. 


0 u 1 I 



Let us start with 

II 0 — » I 

0 I -v = 0 

I 1 1 — IB I 

Column X may be replaced by the sum of columns 1 and 2, yielding 

I 1 0 « I 

1 1 * =* 0 (Note colunm 3 above was multiplied by —1.) 

I 2 1 vj I 

Now the bottom row may be divided by 2, resulting in 

II 0 «] 
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By interchanging columns we get, 


0 u 1 



which is known as the “design determinant.” Ail the steps shown 
above are permissible when the value of the determinant is zero. Rules 
for operating determinants arc available in any good algebra textbook. 

EXAMPLE 2 

Qiven: u + vw «= to 2 

Required: The design determinant. 

Solution: Let x = « and y = v. 

Now x — u = Q (1) 

V - * - 0 (2) 

X + J/IO - v? =* 0 (3) 

If these equations are consistent, then 
I 1 0 -u 
0 1 -v =0 
1.1 w ~w* 

Replace column one by the sum of the first two columns. 


1 0 u 

1 1 v =0 

W + I V) w 2 


Divide the bottom row by w + 1. 


1 0 
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Rearrange the columns 


0 « 1 

1 t 1 

w* “ 0 

w+1 W + 1 1 

Construct the chart from the above determinant (Figure 87). 



Points on the t a scale can be plotted from the following co-ordinates; 


ITp to this point no mention has been made of scale moduli. In prac- 
tical alignment charts this is a significant consideration. 
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EXAMPLE 3 

Suppose we consider the equation u + v = w again. Let us assume 
that u varies from 2 to 10 and that » varies from 5 to 15. You will 
recall that we had written the expressions, 
x-u=> 0 


x + y — w = 0 

Now, however, let us introduce the scale moduli by writing 
x — »JuU =* 0 
y — mj> ~ 0 
x y 

and 1 w = 0 (since u 4- 1; — w ■= 0) 

m„ wi* 

We can write the determinant, 

0 — 

1 —m v v 


because the three equations above are consistent. This determinant 
may bo reduced to the “design determinant’' in the following manner: 


1 0 m u u | 


1 

0 Wln?i 


1 0 m u u 

0 1 m v v 1 


1 

1 m v v 


1 1 m B v 

1 1 


mu + m 

, 1 


^ m-u m u m B 

m u m v W 


mum v 

niv 


mu + m v mu + m v 


TOuU 

mum v 


1 rtiu + m v 

If the lengths of the u and v scales are 6 ii 


- Design Determinant 


and 
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The design determinant liccomca: 

1 0 f« l' 

1 1=0 

If 1 

The chart is constructed from this determinant (Figure 88). It 
should be noted that the u and v scales are graduated from poinla 2 



Fio. 88. Chart for the Equation, \t + v = te, Constructed by the Method of Dotcr- 

and 6 respectively. A point on the k> scale is obtained from the rela- 
tion u + u = to. 
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GENERAL REMARKS 

1. An equation which can be reduced to the determinant, 

0 Mu) i ■ 

M») M») 1 =0 
/<(«) /b(w) 1 

will consist of a straight line u scale; and curved scales for v and w. 

2. If the determinant is of the form: 

Mu) M u ) _ I 
Mb) Mb) 1 =0 
M w ) /c(») i 

the alignment chart will consist of three curved scales. 

3. Design determinants of the form: 

I o Mu) 1 

1 Mb) 1 =0 

I Mw) 1 0 l 

will result in & chart having two parallel scales (u and v) and a trans- 
verse line for scale to. 

The reduction of a given equation to the design determinant form 
frequently requires ingenuity and resourcefulness on the part of the 
designer. As one develops facility in manipulating determinants he 
will evolve short-cuts that will save much time. 

In most cases the geometric method will be adequate for the design 
of alignment charts. However, complicated expressions, especially those 
which result in charts having two or throe curves, may be solved more 
easily if the equation can be expressed in determinant form directly. 

Projective transformations can be handled very nicely if the deter- 
minant forms are employed. The interested student is encouraged to 
consult the bibliography for a selection of books which stress the method 
of the determinants. 
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Alignment charts for determining 
air, Reynolds modulus for, 150 
American Standard Bolts, strength of, 
141 

bending moments, 146 
bolt diameter under tension, 143 
breaking load of round wires, 142 
Brown-Spoarman prophecy formula 
for reliability of lengthened test, 
172 

calculator, production, 163 
catbodo ray tube, electromagnetic de- 
flection sensitivity, 167 
electrostatic deflection sensitivity, 
106 

compreasiblo fluids, pitot tube formula 
for, 1G5 

coefficient of correlation, 171 
deflection sensitivity of cathode ray 
lube, electromagnetic, 167 
olcctroslatio, 166 

density of fluid in a pitot tube tea- 
verse, 161 

deviation of a set of scores, 170 
diameter of bolts under tension, 143 
discharge of water to atmosphere, 169 
engine rpm, 13Q 

fittings, resistance to flow of fluids, 
151 

flow, power developed from streams, 
148 

flow of fluids, resistance of valves and 
fittings, 151 

flow of liquids, in pipes, Reynolds num- 
ber and friction factor, 153 
fluid pressures, shell thickness to with- 
stand, 144 

fluids, compressible, pitot tube for- 
mula for, 165 


Alignment clmrts for determining 
fluids, density of, in a pitot tube trav- 
erse, 161 

focal length of thin lenses, 161 
friction factor for flow of liquids in 
pipes, 153 

impedance, characteristic, of lines, 
single wire in trough, 168 
solid dielectric concentric lines, 169 
lengtia of V-belte, 145 
lenses, focal length, 161 
linos, characteristic impedance of, 
single wire in trough, 168 
solid dielectric concentric lines, 109 
liquids, visoosily for, 156 
pressure drop for turbulent flow, 167 
lead on round wires, 142 
momenta, bonding, 146 
pipes, pressure drop in, 149 
Reynolds number and friction fac- 
tor, 163 

pitot tube, formula for compressible 
fluids, 1G5 

traverse, density of fluid, 164 
power, developed from stream flow, 
148 

required to pump water, 147 
pressure, shell thickness for, 144 
pressure drop, in liquid line (turbulent 
flow), 157 
in pipe line, 149 
production calculator, 163 
prophecy formula for reliability of 
lengthened testa, 172 
resistance of valves and fittings to flow 
of fluids, 151 

Reynolds modulus for air, 150 
Reynolds number for flow of liquids in 
pipes, 153 
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Alignment charts lor determ i ni n g 
rpm, enfjnc, 13d 

shell thickness tor fluid pressures, 144 
Spearman-Brown prophecy formula 
for reliability of lengthened test, 
172 

standard deviation of a set of scores, 
170 

stream Bow, power developed from, 
148 

strength, of American Standard bolts, 
141 

torsional, of shafts, 140 

tension, bolt diameters under, 143 

thickness, shell, for fluid pressures, t44 


Alignment charts for determining 
torsional strength of shafts. 140 
tube, pitot, formula for compressible 
fluids, 165 

traverse, density of fluid, IG4 
tnbing, weight of, 162 
turbulent flow, pressure drop in liquid 
lines, 157 

valves, resistance to flow of fluids, 151 

V-belt lengths, 145 

viscosity of liquids, 155 

water, discharged to atmosphere, 150 

power required to pump, 147 

weight of tubing, 162 

wires, breaking load, 142 
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These are examples of alignment charts which may prove useful in 
the fields of engineering, production, business, and statistics. 


E - 336 » ft « s 


example: 

ft* 6:1 1 read on "e‘ 

S*3SMRR E * El bO R.P.N. , *000 



100 


Pio. 1A. Alignment Chart to Determine Engine R.F.M. 
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APPENDIX 


Chart for determining tending m 



300,000 
200 000 



MOO 

2,000 
3 000 
1000 
6 000 
6000 
10.000 


COGOO 
SO 000 
100.000 


2.000,000 

3.000. 000 

4.000. 000 


J 30,000.000 
40 , 000,000 
50.000,000 

Fra 8A. Ci&rt for Determining Pending Momenta (Courtesy Product Enginetrinc!) 
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Efficiency , per 









#»- K>-sec/ft*> 







APPENDIX 



10 20 30 40 50 60 80 ICO 200 300 400 


Temperature, in degrees fahrenhei! 

Fit). 15A. Viscosity of Various Liquids. (Courtesy Crane Co.) 








action. Calculator. (Courtesy Crobalt, Iuc., Ann Arbor, Mich.) 
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(Courtesy Federal Telephone nnrl Radio Corp ) 

dtpeada ora iparlojr (S) and l-' t'd (/> cf deflection (date*. and their distance (£) to (tie acreeil, A 

line from m and tsj aeala# b attended to * da Ul. From latter bhneetlon a Mound line la drawn 

to (f.) eealo InteMeetlnf ana (?) From Una poiet, a third Juia fa drawn (lironth U-> and attended 

Vj ltj letaeet D/Y seals at fall. (S3, p), (l), and (1)} max ad tm la any ccn vcnleat system of dnoenaSona, 


IX 


167 



Anode potential (kilovolts) 
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Fig. 28A. Characteristic Impedance of lines — Concentric line. Solid Dielectric. 
(Courtesy Federal Telephone and Radio Corn.) 
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INDEX 


Actual modulus, 14 
Adjacent scales, 19-21 
circumference of a circle, 20 
conversion of inches to centimeters, 19 
for equations of tire form AM = Mv), 
19-21 

for solution of tha formula, 

C = vD, 20 
U = sin V, 21 
7 = fa 3 , 21 
2.54/ = C, 19 


vnluo of the sine function, 21 
volumo of a sphere, 21 
Alignment charts, 10, 25-75, 99-103, 
122-135 (see also Z charts) 
nltcrnato methods, 61, 106-107 
bcuding moments, 122-123 
combined with Cartesian co-ordinate 
chart, 10, 11 

with proportional churls, 109-110 
construction, 27, 44, 00, 100-101 
flow through an orifico, 70-75 
for equations of tire form, 


AM "AM AM), 44-53, 116 
AM + AM - AM), 25-35, 116 

AM +AM - 64-68, 117 


AM +/*(») + AM) ■ ■ • = AM, OS- 
75, 119 

AM +AM-AM) = AM), 99-103 
AM +AMAM) =A(o), 108, 121 
AM'AM +/j(w)‘/i(9 ) = Mg), 107 
1.1 l 


AM AM /*(»)’ ' 
1 ■ AM) .. 1 
AM AM AM) ’ 


, 104-107 


Alignment charts, for 

equations of the form, 

AM +AM AM) 

AM - AM AM ’ 

lens formula, 02-63 
moment of inertia of a rectangle, 32-34 
negative values, 36 
positive values, 36 
practical short-cuts, 122-125 
resistances in parallel, 64-67 
section modulus for tubes and bars, 
124-125 

solutions of the formula, 

I = -fabd*, 32-34 
M = faF, 122-123 
R = 19.6 iCdrVK, 70-76 


- w, 28, 32, 127-131, 133-134 


to 2 + pm + 5 ■= 0, 101-102 


use of determinants, 126-135 
Z chart ( see Z chart) 

Alternate methods, for alignment charts, 
61, 106-107 

for proportional charts, 96-97, 120 
for Z charts, 106-107 
Appendix, 139-172 
Appendix index, 137-138 
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Ear chart, 1 

Bara and tubes, ceatinn modulus of, 124- 

m 

Bending momenta, 122-123 
Bibliography, 136 
Buoy, volume of, 92-94 

Cartesian co-ordinate charts, 4-11 

for equation of the form A&O + 

AW+ACM - AW, a 

graph to determine engine rpm, 7-8 
graphical evaluation of heat storage 
and transfer characteristics, 7, 9 
unliitinn of tho formula 
«+» + *» — 4t8 
i iv •* t», 6-6 

unc - ft 6-7 

combination with alignment chart, 10- 
11 

nomograph fur determining Uic num- 
ber of noeonds of green light for 
traffic signals, 11 

solution of the formula u + c - T, 4 
Cartesian co-ordinate system, 2-11 
family of parallel lines, 3 
logarithmic scales, 5, 6, 7 
pencil of linee, G 
Circumference of a circle, 2ft 
Column formula, 55-67 
Combination charts, alignment chart and 
Cartesian co-ordinate chart, ID, 1 1 
alignment chart (Z chart! and propor- 
tional chart, 109-110 
Cartesian co-ordiuato charts, 3, 5 
proportional charts, 110 
Construction of, alignment churls, 27, 
44, 60, 100-101 
proportional chart, 91—92 
Z chart, 44 

Conversion of inches to centimeters, 19 
Cylinder, volume of, 46-19 


AM) +AW) — ttt > 90-98, 120 


Enpne, rpm, 8 

Equations (»« also Solutions of formula) 
of the form 
AM) — AW, 10 
AM) - AM'/iM), 44-53, 1 16 
AM + AW - AM), 25-35, 116 

AM) + AW = r|| , 5168, 117 
_ AM) 

“ Ate) * 

AM) +AW +AM) - AW, 3 
AM) + AM + ACM •••- AW, 68- 

75, 119 

AM) + Ate) AM) - ACM. 99-103 
AM) + AM) AM) - Ate), 108, 121 
ACM AW +AM> Ate) -Ate), «»7 
AM) AW AM) = Ate) -Ate), 109-110 
AC’*) AC") ACM - AW AW AC*), «0 

~-r + ~ , 89-67, 118 

AM) AW ACM 
l . AM) l 1AO 
ACM AC") ' 

AM) ACM , 

AM) " Ate) ' 

AM) +Ate) AM) , 

AM) -AC") Ate) ' 

Evaporation formula, 80-82 


ACM' 

-,70-89, 119 


Family of parallel lines, 3 
Flow through an orifice, 7D-7B 
Formula (sec Solutions of the fonnula) 
Functional scales, 12-24 
adjacent scales, 19-21 
fur the function, 

/M> - 12-13 

/(“) - u + 2, 14 

m - vs, is 

/M) “^,15 


Design determinant, 185 
Design of net charts, 111-114 
Determinants, 10, 126-135 

Effective modulus, 14 
Engine, horsepower, 51—53 


/M) “ log u, 16 
negative values, 16 
non -adjacent scales, 22-24 
suggestions for drawing scales, ld- 
17 

suggestions for graphic precision, 17 



Gordon column formula, 55-57 
Graphical scale, 12 
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Heat storage and transfer characteristics, 
7,9 

■ Horsepower of an automobile engine, 61- 
53 

Initial point, 12, 1 5 
Introduction, 1 

Logarithmic scales, 5, 6 , 7, 32, 70, 76 
- Lens formula, 62-63 

Meyer's evaporation formula, 80-82 
Modulus, actual, 14 
effective, 14 
scale, 14 

Moment of inertia of a rectangle, 32-34 


Proportional charts, 
construction, 91-92 
for equations of the form, 

A(«) +AM - 7 — , 00-98, 120 


/i(u) \fs(r) -fs(w) = Mg) -Mr), 100- 


110 

/>(«> ’Mo) = ft(g) fs(r) -/«(»), 

110 


JM 

m 


Meyer's evaporation formula, 80-82 
solution of tie formula, 


E = 15(P -t)(l+^), 80-82 
Pd 

I = ^ , 78-79 


Negative values, alignment charts, 80, 43 
functional scale, 10 
Z chart, 48 

Net charts, 111-114 
solution of thu formulas — Vot + haP, 
1H-114 

Nomograph to determine the number of 
seconds of green light for traffic 
signals, 11 

Non-ad j scent scales, for equations of the 
form/i(u) - Mv), 22-24 
solution of the formula 2.54 1 - C, 23, 
24 


u 2 _ # = * 94-97 
4? 

V - y(^D s +d 5 ),92-94 ' 

thickness of a pipe to withstand inter- 
nal pressures, 78-79 
volume of a buoy, 92-94 

Rectangle, moment of inertia, 32-34 
Reference point, 12, 15 
Resistances in parallel, 64-67 


Orifice, rate of flow through, 76-75 

Parallel resistances, 64-67 
Pencil of lines, C 
Pie chart, 1 

Pipe thickness for internal pressures, 78- 
79 

Positive values, alig nme nt, chart, 36, 43 


Soale, equation, 6 , 6 , 7, 32, 70, 76 
logarithmic, 13 
modulus, 13 

Simplified method for Z charts, 50, 51- 
58 


Practical short-cuts, 122-125 
Profile chart, 1 
Proportional charts, 76-98 
alternate forms, 96-97, 120 
combination of, 110 
combined with alignment (Z chart) 
chart, 109-110 


C = xD, 20 

E = 15(V - o) (l + ^) , 80-82 


7 1.HL 2 ’ 
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Solution of the formula, 

I =■ -fabcP, 32-34 
M - iwi 5 , 122-123 
R - 19 0 idPVh, 70-75 

i ~ ^ , 64-67 
iS « 0 0982 ( fll ~ <|1 ), 124-125 
Prf-f 211-114 


u » sin v, 21 

« + u - jo, 28-3% 127-131, 1S3-134 

u + o + te — ft 5 

ii + S» + 3w “ 08-69 

n - » = id, 35-30 

u + 2 - rru, 15-16 

u + vm - 1 «* 131-132 

u» - to, 6-6 

«wo - <7, 6-7 

w 1 + jw> + 7 - 0, 101-102 
u 5 - v 5 - — ■ , 94-97 



r-^(jD»+rf), 02-04 

r - ^t 3 , 2i 

2.547 - C, 10 
Sphere, volume of, 21 


Thickness of pipe for internal pressure, 
78-79 

Tubes and bars, section modulus, 124- 
125 


Volume of. buoy, 92-04 
cylinder, 46-49 
sphere, 21 


' charts, 43-58 (>ee also Alignment 

charts) 

alternate foim, 106-107 
combined -with proportional chart, 109, 
110 

construction, 41 

for equations of the farm. 


/iC«) -AW AM, 4-1-53, 116 
AM + AW -||| , 54-58, 117 


AM +AW AM - AW, 108 
AM /»W + ACw> AW - AW, 107 
AM /»W AM m Mt> AW, 109- 
no 

AM+AM AW 104 _, 07 
AM -AW AM ' 


Gordon column formula, 55-57 
horsepower developed by automobile 

end no, 51-53 

simplified method, 50, 61-68 
solution of the formula, 


41-53 


2<1,000 „ .. 
’ — -Tmu' 

1 + 9000r a 
u + 2 - t^ie, 45-46 
y = ~ ^ 1 46-49 


volume of a cylinder, 46—19 
Zero point, 12, 15 



